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The method of grinding and poliſhing glaſſes — — er- 
.. trated from Mr. Huygens and other Authors, by the 

: Honourable Samuel Molyneux Eſquire. 470 


for the improvement of Aſtronomy, by per thods 
of making teleſcopes both by refraction and reflection, did not 

| only collect and conſider what had been written and practiſed 

by others, but alſo made ſeveral new experiments of his own contriving, 
after he had procured a moſt compleat Apparatus of all ſorts of inſtru- 
ments for that purpoſe. But in the midſt of theſe thoughts, being ap- 
pointed a Lord Commiſſioner of the Admiralty, he became ſo edin 
publick 2 that * told me peo not 1 to — ſe en- 
quiries any r. Then it was that ve me the followi | 
and was pleaſed to invite me to make ule of his houſe Jags — 
inſtrumencs, in order to finiſh what he had left imperfect. But he dyed ſoon 
after, and ſo I loſt that opportunity, and a moſt way friend. Having 
therefore ſeen nothing of the practice of grinding glaſſes, I durſt not ven- 
ture to add any thing of my own relating to it; but have ſupplied from 
Mr. Huygens what was left unfiniſhed by our honourable Author, And 
as Mr. Huygens's treatiſe is eſteemed the beſt of any yet extant, I have 
taken care that nothing material therein contained ſhould paſs vnobſerved. 
If I have miſtaken his meaning any where, it is the more excuſable con- 
ſidering the difficulty of the ſubjeR, and that ĩt was a- poſthumous trea- 
4 * Nan tiſe 


ts ingenious and honourable Author, out of his great regard Aerie | 
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Patterns for 744. In order to make moulds for caſting ſuch tools as are pret 
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tiſe written originally in Dutch and tranſlated into Latine by another 
hand. To diſtinguiſh Mr Molyneux's papers from what I have tranſlated 
from Mr. Huygens, Thave pur their names in the margine at the beginning 
of every piece. | | 


F. 1. of making and poliſhing the Tools. | 


Proportions in 742. It is eaſier to make an object-glaſs of equal convexities than of 


gle Wer. any other figure; becauſe the ſame tools will ſerve for forming both its 
| - ſurfaces. And a glaſs of this figure will make as perfect an image in its 
focus as any other, becauſe the aberrations of the rays cauſed by the ſphe- 
ricalneſs of the figures of the ſurfaces, whatever be the proportion of 
| their ſemidiameters, arejnconſiderable in long teleſcopes, in compariſon 
a Art. 340. to the aberrations cauſed by the different refrangibility of the rays? ; and 
theſe latter aberrations are the ſame whether the ſemidiameters of the 
ſurfaces be equal or unequal, ſuppoſing the aperture and focal diſtance 
b Art. 678. to be the ſame b. If it be 951 then to male a glaſs of equal convexi- 
ties, that ſhall have a given focal diſtance, the radius of the ſpherical 
ſurface will be found by taking it in proportion to the given focal di- 
ſtance as 12 to 11, as will appear by art. 23a, putting the ſine of inci- 
dence to the fine of refraction out of air into glaſs as 17 to 11, as Sir 1/aac 
cNewt. Opt. Newton has accurately determined it. The focal diſtance of the glaſs 
being given, its aperture is alſo given by the Table in art. 364; and be- 
"cauſe its figure cannot be formed exactly true to the very edges, the 
breadth of the glaſs may be taken about half an inch more than the diameter 
of its aperture, or even 3 quarters or a whole inch more, if its focal diſtance 
3 bee A and . ot 3 : 
roportions in 174.3, Mr. Huygens directs in general to make the breadth o con 
W e or form, in Which an object- glaſs maſt be ground, 
almoſt three times cke breadth of the glaſs. Though in anocher place, he 
ö ſpeaks of grinding a glaſs whoſe focal diſtance was 200 feet and breadth 
| 3. Fr. P. 84 inches in a plate only 15 inches broad d. But for eye-glaſſes and others 
5 of leſſet ſpheres, the tool muſt be broader in proportion to the breadth of 
theſe glaſſes, to afford room enough for the motion of the hand in po- 
liſhing. Mr. Huygens made his tools of copper or caſt braſs ; which for 
fear they ſhould change their figures by bending, can hardly be caſt too 
thick; nevertheleſs he found by experience that a tool 14 inches broad 
and half an inch thick was ſtrong enough for forming glaſſes to a ſphere 
of 36 feet diameter; when the tool was ſtrongly cemented upon a cylin- 

drical ſtone an inch thick, with hard cement made of pitch and aſhes. 
N concave, he directs that wooden patterns ſhould be turned in a 4 
little thicker and broader than the tools themſelves, But for tools 1 
22 n 
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en Ar. I. FOR GRINDING GLASSES, 283 
long to ſpheres above twenty or thirty feet diameter, he ſays it is ſufficient 
to make uſe of flat boards turned circular to the — 2 thickneſs 
required. When the plates are caſt, they muſt be turned in a lathe, ex- 
actly to the concavity required. And for this purpoſe it is requiſite to 
make a couple of braſs gages in the manner following. | - 
745. Take a wooden pole a little longer than the radius of the ſpherical Gages for the 
ſurface of the glaſs to be formed, and through the ends of it ſtrike two tb. 
ſmall ſteel points, at a diſtance from each other equal to the radius of the Neher 
youn intended; and by one of the points hang up the pole againſt a wall, 
ſo that this upper point may have a circular motion in a hole or ſocket made 
of braſs or iron fixt firmly to the wall. Then take two equal plates of 
braſs or copper, well hammered and ſmoothed, whoſe length is ſome- 
what more than the breadth of the tool of caſt braſs; and whoſe thick- 
neſs may be about a tenth or a twelfth of an inch, and whoſe breadth may 
be awo or three inches. Then having faſtened theſe plates flat againſt the 
wall in an horizontal poſition, with the moveable point in the pole ſtrike 
a true arch upon each of them. Then file away the braſs on one ſide ex- 
ac to the arch ſtruck, ſo as to make one of the braſs edges convex and 
the other concave; and to make the arches correſpond more exactly, fix 
one af the plates flat upon a table and grind the other againſt it with A 
emery. Theſe are the gages to be made uſe of in turning the braſs tools | 
exactly to the ſphere required. <: 42a | 
Bus if the radius of the ſphere. be very great the gages muſt be made in 11. Haas. 
this-manner. Imagine the line AE drawn upon the braſs plate to be the Fig. 557: 
-tangent.of the required arch AFB, whoſe radius for example is 36 feet 
and diameter 72. From A ſet off the parts AE, EE, &c. ſeverally equal 
to an inch, and let them be continued a little beyond half the breadth of 
the tool required. Then as 72 feet or 864 inches is to 1 inch, ſo let f 
inch be to a fourth number; this will be the number of decimal parts of 
an inch in the firſt line EF reckoning from 4. Multiply this num- 
ber ſucceſſively by the numbers 4, 9, 16, 25, &c. the —— of 2, 3, 4» 
g, &c; and the ſeveral products will be the number of parts contained 
in che ad, 3d, 4th, 5th EF reſpectively. But becauſe theſe numbers of 
parts are too ſmall to be taken from a ſcale by a pair of compaſſes, ſub- 
trad them ſeverally from one inch, repreſented by the lines EG, and the 
remainders being taken from a ſcale of an inch divided into decimal parts 
and transferred by the compaſſes from G to F, will determine the points 
F., F. &c. of the arch required. And the ſame being done on the other 
fide. of the line AD, the braſs plate muſt be filed away exactly to the 
points of this arch, and poliſhed as before. EIS 
746. To apply the braſs tool to a turning lathe in order to turn the Of tuming = 
concave;ſurface. of it exactly ſpherical, let the 5 58th figure. repraſent a ; * lch. 
vie w of ſome part of the lathe, taken from a point directly over it; *. Mr Huygens, 
| Nun 2 | "PE 
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284 or MAKING THE TOOLS, + BOOK” 3. 
here let a3 repreſent a ſtrong flat diſl of braſs, half an inch thick at leaſt, 
| EL ny having a ſtrong iron Tkrew-pin fixt firmly in the center of it and ſtand- 
* * ing our exattly perpendicular to one fide of it; by which it may be 
* ſkrewed into the end e of the mandrel or axis of the lathe, repreſented by 
cd. This diſk is repreſented ſeparately in fig. 559. and muſt be well fo- 
dered to the back fide of the tool ef, which therefore in the middle of it 
muſt be made plane, and exactly parallel to the circumference of its op- 
poſite ſurface; to the intent that the circumference may be carried 
round the axis of the lathe in a plane perpendicular to it. The mandrel 
or axis cd turns upon a point d in the puppet head of the lathe, and in 
an iron collar repreſented by sf, as uſual. | 1 | 
Leet ghik repreſent a board nailed faſt upon the other puppet head; and 
let the concave gage gh be laid upon this board, with its concave arch pa- 
rallel to the concavity of the tool ef, and be ſkrew'd down to the board 
with flat-headed ſkrews ſunk into the braſs. Let /mno repreſent ſuch 
another board lying upon the former, with the convex gage I ſkrewed 
to the under fide of it, ſo that by moving this upper board, the arch of 
the convex page may be brought to touch the concave one and flide a- 
inſt it. The turning tool pg is laid upon this moveable board, and is 
d faft to it by a broad headed ſkrey at r, to be turned or unturned by 
the hand upon occaſion. To know whether the concave gage be exactly 
parallel to the concavity of the tool ef ſkrewed faſt to the mandrel; di- 
rect the point p of the turning tool'pg to touch any point of the tool ef 
near its circumference; then having fixt the turning tool pg by the fkrew , 
turn the braſs tool e/ half round, and move the upper board till the point 
p of the turning tool be brought over againſt the ſams mark upon the 
tool ef; and if it juſt touches it as before when the gages coincide, all is 
right. If not, the poſition of the head of the lathe may be altered a little 
by ſtriking it with a mallet. But the beſt way is to make this examination 
of the ſituation of the concave gage, when only one end of it is fit to 
the head of the lathe by a ſingle tack or ſkrew, about which it may eaſi- 
ly be moved into its true poſition. And while the tool or plate ef is turn- 
ing, the ſame examination of its paralleliſm to the gage muſt be frequent- 
ly repeated; otherwiſe its ſurface will take a falſe figure. It is convenient 
that the upper board /mno ſhould project over both the gages; and to 
3 its ſurfaces parallel to that of the under board, two round headed 
nails, or a plate of braſs, as thick as the gages, muſt be fit to its under 
ſurface, towards the oppoſite fide no. Care muſt be taken to drill the holes 
in the gages, through which they are ſkrewed to the boards, not too 
near the poliſhed arches, for fear of altering their figure, by the yielding 
. of the braſs. The tool and all the parts of the lathe muſt be fixt very firm; 
2 _ ono rhooxndong he nk nas der 
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cave and convex tool of the ſame ſphere together. But the tools of very Mr. Mohuax. 
large ſpheres, he would have ground at firſt quite plane by a ſtone- cutter; 
and then ground hollow with a round flat ſtone and emery to the defired 
gage. And he preſcribes to uſe for this grinding firſt a ſtone half as broad 
as the tool, and after that another ſtone very nearly as broad as the tool; 
and in this way of forming the tools it is eonvenient to tye a little frame 
of thick paper, or rather of thin paſtboard about an inch high round a- 
bout the tool to keep in the emery ; and in grinding, the whole muſt be 
mags axtreamly firm — 1 And when the tool is to -x poliſhed, it 
muſt ſtill remain upon the ſtone pedeſtal; otherwiſe it will be in danger 
of bendin n Mig be 1 2 wife 
748. For poliſhing theſe tools thus ground, Mr. Huygens takes ſome Ts polig: the 
ſoap and daubs the concave tool therewith, then he takes the laſt men- tool by an in- 
tioned round ſtone, ſomewhac leſs than the tool, (or the convex tool it ufer of oy 
ſelf) and heats it, and then he pours upon it ſome hot melted cement emery. 
(made of pitch and fine powdered and ſifted aſhes as much as he can mix 
with it) and then he turns over the ſtone and cement upon the concave 
"tool, into which alſo he had poured a good quantity of the ſame cement, 
having firſt laid three little pieces of braſs of equal thickneſſes on the cis- 
cumference thereof in order to preſs and keep this cruſt of cement of an 
exact equal thickneſs in all its parts; and thus he lets them cool together. 
Then taking the ſtone from the tool and turning it up, he ſifts upon the 
cement that ſticks to it, a cruſt of very fine emery, and with a flat iron 
ſpatula about one third of an inch thick, gently warmed, he preſſes lightly 
the emery, to ſtick to and incruſtate upon the cement ; then he again 
'gently. warms the whole ſtone (or convex tool) cement and emery, and he 
again replaces it upon the concave tool and leaves it again to cool; ſo that 
he has by this means a cruſt of emery exactly of the figure of his tool; 
with this he poliſhes the tool dry, without the addition of any wet, preſ- 
fing it down hard on the ſurface of the tool. And to preſs it the harder 
he places upon it a long pole, a little bent to make it ſpring, whoſe upper 
end is fixt to the cieling of the room, or elſe is preſſed downwards by a 
ſtrong iron ſpring ; and he ſays it will be neceſſary to have two perſons to 
rub the ſtone upon the tool. And here it is to be noted that great care 
muſt. be taken in this and all caſes where this way of grinding by a pole 
is made uſe of, to fix the point of preſſure exactly and truly in the middle, 
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of cement. 
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of the powder, and then ſifting the mixture upon hot melted pitch, and 


To perſect the 


poliſh of the 


tool with 
blue hones. 


286 "OF MAKING THE TOOLS: Boort. 3. 
as ſhall be more particularly explained hereafter when the glaſs comes to 
be ground in this tool. | | a 

749. It is to be noted that this cement, and indeed all cements for 
ſticking glaſſes, is made in different manners by different perſons. Pere 
-Cherubin : ſays it is uſually made of common black pitch and fine ſifted 
vine aſhes, but he himſelf made it of rofin and ocre, or of roſin and ſpa- 
niſh white, pounding the roſin firſt and mixing it with a due quantity 


While hot, well mixing and incorporating the whole. The cement that 
Mr. Scarlet uſes is made of common pitch, and common coal-aſbes fiſt- 
ed fine. In all caſes it is harder or ſofter as more or leſs of the aſhes or 
other powder is put into it; and in this preſent cafe for pol iſhing cheſe 
tools it muſt be made as hard as poſſible, by putting in as great a quan- 
rity of the aſhes as is poſſible: for otherwiſe if the cement be not hard 
enough, the particles of the emery will be looſened by the heat in grind- 
ing, and then will only run round upon the tool, and will not werk out 
the little inequalities and roughneſſes thereof. If the emery ſhould be 
Hund to grow blunt, a very little more of it may be duſted dry upen. the 
tool, by which its ſharpneſs and cutting quality wFbe a little recewer- 
ed; but if the cement be ſufficiently hard at firſt, as is preſeribed, the 
emery will always remain ſharp enough. FI LT EN 


fer To bring the concave tool ſtill to greater perfection, and AAP to 


ve its true form, take equal pieces, about an inch ſquare, of blue 
, fuchas engravers poliſh their copper withal, and place as many of 


them, laying the grain ſome one way and ſome another, as you ean, up- 


on the ſurface of the tool tobe poliſhed ; ſticking and ſteady ing the fame, 
as cloſe as you can to one another, with ſoap or common white ſtareh ; 
then fill up all che interſtices between the faid pieces of hone wich elean 
dry ſand, to about two thirds of the thickneſs of the ſaid hones; them hay. 
ing a border of paper or 1 put round the tool as before, ſhae the 
tool gently that the ſand may every where equally ſubſide, and blow ĩt 
to an equal depth with a pair of bellows. Then take fome hard cement 
extreamly hot and pour it all over the hones, and baving-cleaned-the 
None (or the convex tool) which before was incruſtated with piteh and 
emery, place this ſtone (or convex tool) warmed on the top of this ce- 
ment and let all cool together. Then rubbing the tool with this polither 
made with hones, by applying your pole to the top of the ſtone as be- 
fore, you ſhall know when the tool is brought to perfection, ic aqui 

you 


eff the dirt and filth you find, by looking obli upon it againtt = 
the Fes, that it ſhines equally brjghe — n i noel. | 
would uſe this poliſher again, it muſt be kept in a coot cellar, leaving rhe 
Hones uppermoſt ; otherwiſe in warm weather they will change their fi- 
tuation in the cement, even with their own weight, 

751, 
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751. And here it is to be obſerved chat this method of grinding theſe. Applyed e 
rools by an incruſtation of emery on hard cement, formed to a convexity the grinding 
by the very tool it ſelf, and alſo the method of poliſhing the ſame by the an hjeft-me 
blue hones fixt in hard cement, 3 as well be uſed and apply- tal for a vile · 
ed to the grinding and poliſhing of a reflecting metal for a teleſcope. fe. 

But in that caſe I believe it is beſt not to uſe a ſpringing pole, but one 
that ſhall turn upon a point above, being nearly equal in length to the 
radius of the ſphere intended. * 


ON | 2. Of chooſing glaſs. 


752. The beſt ſort of glaſs has generally a yellowiſh, reddiſh, or a Several forts 
greeniſh colour, when we look through it againſt the ſky-light, or lay it of 26. 
upon a ſheer of white paper, That which is perfectly white, though it > Hor | 
tranſmits the moſt light, is generally fuller of veins, and is often ſub- 
je& to grow moiſt in the air, which in time deſtroys its poliſh. In theſe 
parts there is no better glaſs to be had, than pieces 1 
glaſſes. But after ſome time I found pretty good glaſs ata glaſs-houſe; 
and made uſe of the ſame matter with which they make drinking-glafles, 
which I found was always the beſt after the matter had reſted for two or 
threedays, when the workmen kept holydays. I ordered pieces of glaſs 
to be made for my own uſe in the ſame manner as they make looking- 
that is by cutting off the top and bottom of the round globe they 
ow up, and by ſlitting the fide of it, and then by flatting it upon the 
hearth of the furnace. Theſe pieces, which were about half ag inch or 
three quarters thick, I ordered to be ground to an equal thickneſs by a 
ſtone-cutrer, in the machine they poliſh marble with. | 
753. To- diſcover the veins in glaſs one ſhould: look very obliquely yeins in glas 
. tint a ſmall light in a rom otherwiſe dark. Thus one may examine tow diſcover- 
> pieces of a poliſhed looking- glaſs. But becauſc they are ſeldom thick | 
enough for obje&-glaſles, it is neceſlary to take ſome pieces of the fame | 
ſort of glaſs before it is poliſhed, and to get it ground to an equal thick- 
neſs and poliſhed a little by the common glaſs-grinders, in order to judge 
what pieces are fit for uſe. Sometimes little veins will appear like fine 
hairs or threads, which ſcarce do any harm. I have ſeveral very good 

laſſes of this ſort. Sometimes their imperfections cannot be. diſcovered 
y the former way of trial, and yet after the glaſs is well formed and 
poliſhed they will appear by reflection in this manner. In a dark room 
lace the glaſs upright upon a table, turning that ſurface from you which 
is ſuſpected to be faulty, then holding a lighted candle in your hand, ſo 
that the middle of che broad light reflected from the firſt ſurface may fall 
upon your eye, recede from the glaſs till the rays reflected from the back- 
ſorface hel juſt begin to invert the candle; then the whole glaſs. will 
9 
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To round the 
aſs. 


Mr. Huygens. 


To grind it to 


we uſe a ſmall perſpective 3 or 4 inches long to magnify the 
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| appear all over bright, and then you will diſcover its defects and the iw- 


perfections of the poliſh. When the glaſs is a portion of a large ſphere, 
ects. 


$. 3. Of preparing the glaſſes before they can be ground and 
Sf poliſhed. | | | 


754. The pieces of glaſs above mentioned, which we directed to be 
planed to an equal thickneſs and poliſhed a little by a glaſs-grinder, 
ſhould be much broader than the intended obje&-glaſs, that there may 
be room enough for chooſing the beſt part of them.. For planing and 
fmoothing thole large pieces of glaſs; I ordered the workmen to make uſe 
of plates of caſt iron, ſuch as are ſold at the ironmongers ſhops, after 
they had been ground and planed in a ſtone-cutters engine. Upon the 
plate of glaſs, with a diamond- pointed compaſs, ſtrike a circle repreſent- 
ing the circumference of the object-glaſs; and alſo another concentrick 
circle with a radius about a tenth or twelfth part of an inch bigger. And 
alſo two other ſuch circles, on the other ſide of the glaſs, directly oppoſite 
tothe former : which may be done by means of a Circular glaſs to be de- 
ſcribed by and by. The larger parts of the glaſs may be ſeparated from 
the outward circle by a red hot iron, or by a ſtrong broad vice, opened 
exactly to the thickneſs of the glaſs. The remaining inequalities may be 
taken off by a grind-ſtone, beginning with the largeſt firſt, and taking 
care they do not ſplinter. Then having warmed the glaſs, cement a 
wooden handle to it, and in a common deep tool for eye-glaſſes, — 
uſe of white clear ſand and water, grind the circumference of the gl 
exactly true to the innermoſt circle on each ſide of it. | 

755. Then having made a great many ſmall cavities with a punch u 


an equal thick- on one fide of a round copper plate, and having fixt the other fide of it 


nels. 


upon the middle of the round glaſs, by cement made with two' parts of 
rofin or hard pitch and one part of wax, place the ſteel point of the ſpring- 
ing pole above deſcribed, being 14 or 15 feet long, into that cavity of 
the copper plate, which lyes neareſt to the thickeſt part of the (glaſs, 
Then work the glaſs by the pole with ſand and water upon a flat plate 
of caſt iron, of a round figure, the plate having been planed with ſand 
and water by a ſtone-cutter. Then having examined the thickneſs of the 
glaſs in ſeveral places by a hand vice, which is better than a pair of callip- 
pers, by repeating the ſame operation it will foon be reduced to an equal 
thickneſs in all its parts. | 
Towards the end of this operation it is convenient to make uſe of 
ſifted emery, becauſe the ſand will ſcratch too deep; and then it will 
alſo be neceſſary to place the ſteel point of the pole exactly over the cen- 


4 


ter of che under ſurface of the glaſs ; otherwiſe that ſurface will take a 


cylin- 
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cylindrical or ſort of a convex figure inſtead of a plane one, even though 
it was exactly plane before you began to grind it. The reaſon of which is 
well worth cubes, 3 And when convex glaſſes are to be poliſhed, it is 
alſo abſolutely neceſſary to place the point of preſſure exactly over the 
center of the under ſurface of the glaſs, | 
756. Therefore to bring one of the little cavities in the copper plate The circular 
exactly over that center, we make uſe of a circular glaſs formed from a ****<i>* 
broken looking-glaſs, the quickſilver being rubbed off; having deſcribed 
upon it, with a diamond-pointed compaſs, 8 or 10 concentrick circles at g 0 
the diſtance of about a quarter of an inch from each other, ſo that the 
larger circles may be ſomewhat bigger than the circumference of the glaſs 
to be poliſhed. Lay this circular glaſs upon the ſurface of the glaſs to be 
liſhed, and move it to and fro till you perceive the circumference of 
the glaſs to be poliſhed is exactly parallel to the neareſt circle upon the 
circular glaſs; then having inverted both the glaſſes, lay the circular 
glaſs upon a table, and having laid a ſmall live coal upon the copper plate, 
to make it moveable upon the cement, place one point of a pair of com- 
paſſes in one of the little cavities, and move the copper till a circumfe- 
rence deſcribed with the other point coincides exactly with any one cir- 
cle upon the circular glaſs, and the bufineſs is done. With ſtarch it is 
convenient to paſte three ſlender ſhreds of fine linen, directed towards 
the center of the circular glaſs, that the other glaſs may not ſlide too eaſi- 
ly upon it, and that they may not ſcratch one another. | 
757. The cavities punched in the copper plate, and alſo the point of The objea- 
the pole, ſhould be triangular, to hinder the rotation of the glaſs; which ORR 
is ſtill more neceſſary in perfecting the.poliſh of the glaſs. And here it rr. 
muſt be obſerved again whether the circumference of the glaſs remains 
exactly circular on both ſides of it, which muſt be tryed with a pair of 
compaſſes; and if it be not, it muſt be corrected again by grinding it 
exactly circular in a common tool for making eye-glaſſes; which will 
contribute very much to its taking an exact ſpherical ſurface when it 
comes to be ground in its proper tool. For if any part of the circumfe- 
rence be protuberant; it will hinder the adjoining parts of the ſurface 
from wearing ſo much as they ſhould do; and by conſequence will ſpoil 
the ſpherical figure of the ſurface. 


$. 4. Of grinding the glaſſes. 
758, The glaſs being planed and rounded as above, take away the Mr. Mens. 


plate with ſeveral cavities, and with ſome of the ſame cement fix on a 
{maller round piece of braſs or rather ſteel, truly flat and turned about 
the bigneſs of a farthing but thicker, having firſt made in the center 
thereof, with a triangular ſteel punch, a hole about the bigneſs Ga 

0 gooſe 
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- gooſe quill, and about the depth of I of an inch; and at the very bot- 
tom of this triangular hole, a little ſmall round hole muſt be punched 
ſomewhat deeper with a very fine ſmall ſteel punch. A ſmall ſteel point 
of about an inch long muſt be truly ſhaped and fitted to this triangular 
hole, and at the very apex to the ſmall round deeper impreſſion. Never- 
theleſs it muſt not be fitted ſo exactly to the ſame but that it may have 
ſome liberty to move a little to and fro; the apex always continuing to 
touch and preſs upon the ſurface of the round hole below. This ſteel tri- 
angular point muſt be fixed to the end of a pole, to the other end of 
which another round iron point muſt be fixed, of about five or fix in- 
ches long, to play freely up and down in a round hole in a piece of braſs. 
let into a board fixed againſt the ceiling for that purpoſe, CC. 
ly over the bench, and over the center of the tool, which muſt be ſtrong- 
ly and truly fixed horizontally thereon. 

| 59. Now here it is to be noted that Mr. Huygens preſcribes to fix 
it his braſs plate to the glaſs by the means of cement, and takes'no notice 
is of any * method whatever; though a very ſmall experience in theſe 
affairs will convince any body that it is hardly poſſible, in this or any 
other caſe, to bring the cement to a fluidity ſufficient to fix two plane- 
ſurfaces exactly parallel one to the other, without heating the glaſs and 
the braſs alſo to a great degree, and ſo as to endanger the figure of the glaſs. 
conſiderably. To avoid this in fixing glaſſes to braſs or wood or the li 
ſome have done it with plaiſter of Paris: Mr. Scarlet does it by cement- 
ing another intermediate glaſs to the braſs (or wood) and then fixing the 
glaſs, to be ground, to the outward ſurface of the cemented glaſs with. 
common glew. Without all this trouble I have done it only with com- 
mon Icthyocolla or fiſh glew, which will run very fluid, and will foe 
the glaſs and the braſs it ſelf ſtrongly together; and round the edges of the 
braſs I ſtick on ſome common ſoft red wax, ſuch as is uſed for the privy 
ſeal, to keep the wet from getting to the glew. 

760. For grinding glaſſes truly plane, upon a plane tool, by this me- 
thod, Mr. Huygens preſcribes this pole to be about fifteen feet long; but 
in grinding upon a concave plate, the pole had beſt be made equal to the 
radius of the ſphere of the tool; though I believe it would not be mate- 
rial if made conſiderably ſhorter, according as the height of the room 
will allow. 

It is neceſſary to have lying by one an ordinary piece of courſe glaſs, 
ground in the ſame tool, called a bruiſer ; whereby when any new eme- 
ry is neceſſary to be laid on the tool in grinding your glaſs, the ſaid eme- 
ry 1s to be conſtantly firſt run over and ſmoothed, for fear any little courſe 
7 1 _— and ſcratch the glaſs be be 88 Fm 

701. Having theſe things prepared together with ſome pots of emery 
of various fineneſſes, take of ou rougheſt ſort a ſmall half pugil, 8 


Fig. 501. 
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the ſame and daubing it pretty equably on the tool; then lay on your Fig. 51 


glaſs and fix up your pole and continue to grind for a quarter of an hour, 
not preſſing upon the pole, but barely carrying the glaſs round thereby; 
then take the like quantity of ſome finer emery and work another quarter 
of an hour therewith ; take the like quantity of emery ſtill finer 
and work for the ſame time ; laſt of all take a leſs quantity of ſome of 
the very fineſt you have, which will be ſufficient for a glaſs of five in- 
ches diameter, and work therewith for an hour and half, taking away 
by little and little ſome of the emery with a wet ſponge. Do not keep it 
too wet nor too dry, but about the conſiſtence of pap; for much depends 
on this. If it is too dry, your emery will clog and ſtick and incorporate, 
ſo as for the moſt part to cut little or not at all, unleſs here and there 
where its body chances to be broke, and there it will ſcratch and cuc 
your glaſs irregularly ; and if it is too wer, and too much diluted, it will 
from the irregular 3 of its parts cut in ſome places more than 
others juſt as in the other caſe. 

762. But Mr. Huygens tells us this method of uſing various forts of 
freſh emery is not good, finding by experience that the ſurfaces of large 
glaſſes are often ſcratched. And therefore he ſays it is beſt to take a large 

uantity of the firſt or ſecond ſort of emery, and ſo work with the ſame 
— — the firſt to the laſt; taking away by little and little every half hour, or 
quarter of an hour, more and more of the emery with a wet ſponge; by 
which means he could bring the glaſs extreamly ſmooth and fine, fo as 
to ſee pretty diſtinctly a candle or the ſaſh windows well defined through 
it; which is a mark when it is ground enough to be ready to receive a 
poliſh. But if the glaſs has not acquired this degree of tranſparency, it 
is certain, ſays Mr. Huygens, that too much emery remains; and there- 
fore it muſt ſtill be diminiſhed and the operation continued. He found 
it beſt to make uſe of common well water in this grinding; and he took 
care to move the glaſs in circles, taking in an inch beyond the center of 
the tool and ſomewhat beyond the outſide of the tool; and he found in a 
glaſs of two hundred feet whoſe diameter was 8 inches 4, which he 
ground in a tool of 15 inches diameter, that the figure of the tool in 
grinding would alter confiderably, unleſs he carried the glaſs round an 
inch beyond the center of the tool one way, and 3 inches + beyond the 


ſkirts of it another way; but if he carried it no more than a ſtraws breadth 


beyond the ſkirts of the tool, and accordingly farther beyond the center, 
the glaſs would always grind falſly, too much being taken off on the 
outſides ſo that he could never after bring the outſides of the glaſs to a 
true and fine poliſh. 

763. When you firſt begin to grind and the emery begins to be 
FIX the will ſtick a little to the tool and run ſtiff; then freſh 
6 comes to be poliſhed 9 

f o 2 
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Hrge, require a conſiderable ſtrength to move it, but this inconvenience 


will happen leſs in grinding by the pole than in grinding by hand. For 
the warmth of the hand makes the ſubſtance of the glaſs ſwell, and not 
only increaſes the ſticking of the glaſs, but in ſome meaſure may alſo 
ſpoil the figure of it and alſo of the tool. When it is ground with the pole 
it never ſticks very ſtrongly, unleſs when you take the glaſs off from the 
tool and keep it from it for ſome time, and then apply it to the tool a- 
gain; and this in large glaſſes; for by this means, fays Mr: Huygens, the 
glaſs gets from the air a greater warmth than it had on the tool; and 
being again applyed to the tool, its lower ſurface is ſuddenly pontracted 
by the coldneſs of the tool and ſo ſticks to it. Wherefore ſaith he you 
muſt, in that cafe, wait till the glaſs and the tool come to be of one tem- 
per. The like effect is obſerveabte in grinding large glaſſes when there is 
a fire in the room. Perhaps the cauſe of theſe effects may be more truly 


deduced from the attractive qualities of warm glaſs. But whatever is the 


cauſe, we may from hence perceive the great — Ah grinding large 
glaſſes, and the neceſſity there is of grinding them ſlowly, and with the 
greateſt caution in the moſt minute circumſtances. tas” yoo, 
764. The method hitherto deſcribed of grinding with emery, is what 
1s recommended by Mr. Huygens. Le Pere Cherubin preſcribes another 
material, and it is the grit of a hard grind-ſtone well beaten into a fine 
powder and fifted pretty fine. And here in England the fame thing was 
uſed to be performed by Mr. Cox with common clean fine white ſand, tak- 
ing away by little and little the ſaid grit and ſand as it ground finer and 
finer. Nay Mr. Cox was uſed to continue his grinding till the matter of 
the ſand came to be ſo fine, and fo little of it to remain in the tool, that he 
could, and frequently did uſe to polifh off his. glafles therein, without 
the uſe of any other material whatſoever ; and F my ſelf have been pre- 
ſent, while Mr. Scarlet ground and polithed, or dryed off, a glaſs of 16 
feet in this manner. They calt this way drying off on ſand, becauſe as 
the matter grows finer and finer, they wet it leſs and leſs, till for the laſt 
quarter of an hour (the whole work lafting near two hours) they only 
wet it by breathing upon it, and at the very Faſt not at all. 
765. It ſeems this method is now quite diſuſed : perhaps the violent 
labour requiſite at the laſt may be a reaſon of it. A better reaſon may be 
the great improbability of grinding or poliſhing true by this method, by 
the uncertain and unequal force of the hand, and if this be the true rea- 
ſon of its diſuſe, I cannot well ſee but that this method of grinding and 
poliſhing out and out in the fame tool, and with the ſame material, viz. 
white ſand, might pertAps be again reſtored, and greatly improved by add. 
ing to the old way Mr: Hwuygens's method of grinding and poliſhing with 
a pole and ſpring to preſs down the pole; or fome analogous contrivance. 


And in relation to grinding dy all or any of che methods „ 
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this one general remark muſt be made, that the artiſt muſt allow time 
and patience to bring his glaſs by grinding to the ſmootheſt and fineſt ſur- 
face, that he poſſibly can, before he attempts to poliſh. For this and this 
only makes his glaſs poliſh truly ſmooth, well and eaſily: and the ſmooth- 
er you bring it in grinding, the leſs labour you will have in poliſhing ; in 
which conſiſts not only the greateſt difficulty but the greateſt danger too- 
of ſpoiling all you have done before. Bat 


. 5. Of giving glaſſes the laſt nd fineft poliſh: 


766. Having removed the little braſs plate from the glaſs, take ſays 
Mr. Huygens a very thick ſlate, or rather a block of blue or grey ſtone; let 
it be half an inch thick, and let it be ground true and round at the ſtone- 
cutters, its diameter being ſomewhat ſmaller than the diameter of your 
glaſs, leaving a hole, quite through, in the center, of about an inch diame- 
ter. Then make ſome cement two parts roſin or hard pitch and one part 
Wax; and taking a piece of thick kerſey cloth, truly and equally wrought; 
cut this r and leave a like hole, one inch diameter, in the mid- 


dle, Then warming the ſtone and alſo warming the glaſs, and ſpreading 


thinly and equably upon them ſome of this cement, lay on the cloth 
and thereupon. lay on alſo the.glaſs, having left in the middle a ſpace the 
breadth of a ſhilling uncemented and blackt with a candle. Then provide 
an hollow conical plate of iron or ſteel (ſhaped like an high crowned hat) 
having the baſis: of the cone 1 inch diameter, and having round the baſis 
a flat border about 2 4 inches diameter, and having the depth or altitude 
4 the cone exactly of the thickneſs of the ſlate, cloth and cement, to which 


laſs is fit. The vertex of this cone muſt godown through the ſlate and 
cloth, ſo that being cemented on the ſlate, the ſaid vertex may approach to 
che glaſs within a hair's breadth, and lye perpendicularly over the center of 
the lower ſurface of the glaſs: and this muſt be adjuſted by the circular 


glaſs deſcribed above. Within the vertex of this hollow cone, the lower 


point of the pole is to be applyed in poliſhing; but it may be firſt proper 
to be obſeryed, that perhaps fiſh glew and a braſs plate, in lieu, and of the 
dimenſions, of the aboveſaid ſlate, may perhaps be better. Mr. Huygens 
obſerves alſo that the angle of the cone ſhould be 80 or go degrees and 
that the hollow vertex of it ſnould be ſolid enough to receive a ſmall im- 
preſſion from a round ſteel punch, to put the point of che pole into, which 
might otherwiſe have too much liberty =o flip- from the vertex. The 
deſign of the black ſpot in the -middle of the glaſs, is to diſcover. by the 
light of a candle obliquely reflected from your glaſs, after it has been po- 
liſhed ſome time, whether it be perfectly clear, and free from the-appear- 
ance. of any bluiſh colour like that of aſhes. 


767. 
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567. Before the work of poliſhing is n, it is proper to ſtretch an 
£ = — wrought piece of Finen over He bor duſting thereupon ſome 
very fine tripoly. Then taking the glaſs in your hand, run it round 40 
or go times thereupon ; and this will chiefly take off the roughneſs of the 
glaſs about the border of it, which otherwiſe might too much wear a- 
way the lower parts of the tool, in which the glaſs is chiefly to obtain 
its laſt poliſh. It I underſtand Mr. Huygens right, this cloth is then to be 
removed, and the glaſs to be begun to be poliſhed upon the very naked 
tool it ſelf. But firſt there is to be prepared ſome very fine tripoly, and 
aAAä⸗älſo ſome blue vitriol, otherwiſe called cyprion, engliſh and hungarian 
/ vitriol finely powdered: mix four parts of tripoly with one of vitriol: 6 

or 8 grains of this mixture (which is about the quantity of two large peas 

is ſufficient for a glaſs 5 inches broad. This compound powder m 

be wetted withabout 8 or 10 drops of clear vinegar in the middle of the 
tool; and it muſt be mixed and ſoftened throughly with a very fine ſmall 
mullet. Then with a courſe painting bruſh take great care to ſpread it 
thinly and equably upon the tool, or at leaſt upon a much larger ſpace in 
the middle of it, than the glaſs ſhall run over in the poliſhing. This coat 
muſt be laid on very thin (but not too thin neither) otherwiſe it will waſte 
away too much in the poliſhing, and the tool will be apt to be furrowed 
thereby, and to have its figure impaired ; inſomuch that ſometimes a 
new daubing thereof muſt be laid on, which it is not eaſy to do ſo equa- 
bly as at firſt. This daubing muſt be perfectly dryed by holding over it 
A hot clean frying pan, or a thin pan of iron, with lighted charcoal 
therein for that purpoſe ; then leave all till the tool is perfectly cold. 
Then having ſome other very fine tripoly very well waſhed and Sog 
with a mullet, and afterwards dryed and finely powdered, take f 
the ſame and ſtrow it thinly and equably on the tool fo prepared; then 
take your courſe glaſs which lay by you, and ſmooth all the ſaid tripo- 
ly, very 1 and finely: then take your glaſs to be poliſhed and wipe 
it thoroughly clean from all cement, — or other filth which may 
ſtick to it, with a clean cloth dipped in water, a little tinged with tripoly 
and vitriol; then taking your glaſs in your hand apply it on the tool, and 
move it gently twice or thrice, im a ſtraight line backwards and forwards; 
chen take it off and obſerve whether the marks of the tripoly, ſticking to 
the glaſs, ſeem to be equably ſpread over the whole ſurface thereof; if not. 
it is a ſign that either the tool or the glaſs is too warm; then you muſt 
wait a little and try again till you find the glaſs takes the tripoly every 
where alike, Then you may begin boldly to poliſh, and there will be no 
great danger of ſpoiling the figure of the glaſs ; which in the other caſe 
would ibly happen. If the tool be warmer than the glaſs, it will 
touch the glaſs harder in the middle than towards its circumference; be- 
cauſe the upper ſurface of the tool being ſwelled by heat will become 
rod 


\ 
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too flat. On the contrary if the glaſs be warmer than the tool, it will 
bear harder towards its circumference than at the center ; becauſe the 
inferior ſurface of the glaſs is contracted by the coldneſs of the plate, 
more than the ſuperior. | 
768. Mr. Huygens ſays that if the work of poliſhing were to be per- 
formed by ſtrength of hand only, it would be a work of very great la- 
bour, and even could not be performed in glaſſes of 5 or 6 feet focal di- 
ſtance : and he ſeems to think it abſolutely neceſſary that an extraordinary 
reat force or preſſure ſhould be applyed upon the glaſs. For this purpoſe 
be has therefore contrived and deſcribed two methods for ſufficiently in- 
creaſing the preſſure; for the explanation of which, recourſe muſt be 
had to the book it ſelf and his 19 


they chiefly conſiſt in applying the force of a ſtrong ſpring to preſs down 

d of the glaſs — che oliſher. . MITES 
769. This 2 of pelilbing, as it is one of the moſt difficult and. 
nice points of the whole, hath been very variouſly attempted and deſcrib-- 
ed by various Authors. Sir 1/aac Newton, Pere Cherubin, Mr. Huygens 
and the common glaſs grinders, have taken different merhods in this mat- 
ter. Sir Jaac is the only perſon who ſeems not to inſiſt on the neceſſity 
of a very violent and ſtrong preſſure. In the engliſh 8* edition of his Op- 
ticks page 95. he hath theſe words « An object-glaſs of a fourteen foot 
teleſcope, made by an artificer at London, I once mended conſiderably, 
by oy $- on pitch with putty, and leaning very eaſily on it in the 
grinding, leſt the putty ſhould ſcratch it. Whether this may not do well- 
enough for poliſhing theſe reflecting glaſſes, I have not yet tried. But he 
that ſhall try either this or any other way of poliſhing which he may 
106 well to make his glaſſes aol for poliſhing by grind- 


. better, may 
g them without that violence, where with our London workmen preſs 
their glaſſes in grinding. For by ſuch violent preſſure, glaſſes are apt to- 


— a little in the grinding, and ſuch bending will certainly ſpoil their. 
77 As to his own method of poliſhing glaſs, I do not know that he 
any where expreſly deſcribes it, but his method of poliſhing — 1 
metals he doth, and it was thus in his own words p. 92. The poliſh I. 
uſed was in this manner. I had two round copper plates each fix inches 
in diameter, the one convex the other concave, ground very true to one 
another. On the convex I ground the object- metal or concave which was 

to be poliſhed, till it had taken the figure of the convex and was ready 

for a poliſh. Then I pitched over the convex very thinly, by — 

melted pitch upon it, and warming it to keep the pitch ſoft, whilſt I 

ground it with the concave copper wetted to make it ſpread evenly all- 
over the convex. Thus by working it well, I made it as thin as a groat, . 
and after the convex was cold I ground it again, to give it as true a figure 
a8 


ures ; it may ſuffice here to ſay that aSce Art. 774. 
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as I could. Then I took putty which I had made very fine by waſhing ir 
from all its groſſer particles, and laying a little of this upon the pitch, 1 
ground it upon the pitch with the-concave copper till it had done making 
a noiſe; and then upon the pitch I ground the object- metal with a briſk 
motion for about two or three minutes of time, leaning hard upon it. 
Then I put freſh putty upon the pitch and ground it again till ĩt had done 
making a noiſe, and afterwards ground the object-metal upon it as be- 
fore. And this work I repeated till the metal was poliſhed, grinding ir 
the laſt time with all my ſtrength for a good white together, and fre- 

quently breathing upon the pitch to keep it moiſt, without laying on any 
more freſh putty. The object-metal was two inches broad and about one 
third part of an inch thick, to keep it from bending. I had two of theſe 
metals, and when I had poliſhed them both I tried which was beſt, and 

round the other again to ſee if I could make it better than that which I 
| Sus And thus by many trials I learned the way of Nr till I made 
thoſe two reflecting perſpectives I ſpake of above. For this art of poliſh- 
ing will be better learned by repeated practice than by my deſcription. 
Before I ground the object- metal on the pitch, I always ground the put- 
ty on it with the concave copper till it had done making a noife, becauſe 
if the particles of the putty were not by this means made to ſtick faſt in 
the pitch, they would by rolling up and down grate and fret the object- 
metal and fall it full of little holes. It ſeems not improbable but that glaſs 
may alſo be poliſhed with proper care by the ſame method. 

771. The method of poliſhing deſcribed by Pere Cherubin ſeems to be 
chiefly thus: he poliſhes with tripoly or putty or firſt with tripoly and 
afterwards with putty. But what he ſeems moſt to approve of is putty a- 
lone. He poliſhes in the ſame tool he grinds in, and he very verboſely @- 
ſcribes various ways of doing it. He preſcribes to ſtretch very tight a very 
fine thin leather or fine engliſh fuſtian, or fine holland, or any fine linen 
or fine filk taffety or ſatin, all of an equable thickneſs as near as may be, 
upon the tool; then he daubs thinly on this ſurface thus ſtretched a ſtreak 
of putty, ſufficiently wetted to the conſiſtence of thick ſyrrup, about as 
broad as the glaſs or a little more, paſſing through the center of the tool 
directly from him; then ſmoothing the putty by running his bruiſer and 
p_ it backwards and forwards to him and from him, he at length 

ays on the glaſs cemented to its handle; and giving it always the ſame mo- 
tion, ſtrongly preſſing to him and from him along the ſtreak of putty, 
and by ſuch preſſure forcing the ſurface of the filk, already ſomewhat 
ſtretched, cloſe to the ſurface of the tool, to which the figure of the glaſs 
was exactly adapted, he ſays that he could by that means obtain an excol- 
lent fine poliſh on any of the abovementioned ſubſtances. Before every 
ſtroke he turned the glaſs a little on its axis, and its handle was on this 
occaſion confiderably heavier than uſual in grinding, which he commends 
6 as 
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28 very uſeful in this buſineſs; and if new putty was wanting he made no 
difficulty of laying it on, as often as neceſſary, always carefully ſmoothing 
it thereon with the bruiſer before the glaſs. was applyed. |, 

772. This method I am of _ might be improved by moving the 
glaſs not by hand but by the pole and ſpring, ſome what after the method 
of Mr. Huygens, eſpecially if the pole were contrived not to move looſe 
in a round braſs hole above, but on a ſtrong point preſſed down by 
ſome ſpring ; the length of the pole being equal to the radius of the tool, 
and the point where the ſpring preſſes the upper end of the pole, being 
truly perpendicular over the center of the tool, and exactly in the cen- 
ter of its ſphere. 

773. Another method which the ſame author preſcribes for poliſhing 
in the tool is thus ; he takes a ſheet of very fine paper and examining it 
very carefully by looking upon it and through it, he takes off with a fine 

nknife all the little lumps, hard parts, roughneſſes and inequalities that 
E can find; then he ſoaks it in clean water, then he takes it and dries it 
between two clean linen cloths, though not ſo much as to make it quite 
dry, but to leave it dampiſh; then with ſome very thin ſtarch or paſte he 
daubs equably all over the ſurface of his tool as thin as 1 but ſome 
every where; then he lays on his paper very gently and ſlowly, letting it 
touch and ſtick firſt at one ſide, — by degrees more and more towards the 
middle, and by degrees to cover the whole; and he does this ſlowly to 
let all the air get out; then with the palm of his hand he 12 the cen- 
ter andevery where round about it towards the circumference to make 
the paper ſtick every where; and this he does 3 or 4 times while it is dry- 
ing to get out all the air; he lets ĩt dry of its ſelf, then he reviſes it again 
with his knife as before; then he hath a very coarſe bruiſer-of glaſs whoſe 
circumference is ſharply ground round and at right angles to its ſurface, 
which he had coarſely ground before in the ſame tool; with this and a 
very heavy handle he ſmooths and poliſhes and rubs off all the gies. 
mequalities of the paper, and when this is done he lays on a ſtreak o 
tripoly and poliſhes as in his other method. 


774. At CC is repreſented a ſquare beam of wood a little longer than Mr. Hagen,, 
the diameter of the tool, and about 1 inch thick; the two extremities deſcription ot 
of it at C and Care bent downwards, and then are again directed parallel or policing. 
to the whole length, and ſerve for handles for the workman to lay hold Fig. 563. 


upon. In the middle of this beam there is fixt an iron ſpike, ſo long that 
when the lower ſurfaces of the handles C, Care placed upon a plane, the 
point of the ſpike ſhall juſt touch the plane. This point preſſes 2 the 
apex of the hollow cone, which deſcends through the hole in the ſlate, 
which by the interpoſition of a cloth was cemented to the glaſs B lying 
L the tool A. To increaſe this preſſure a ſort of a bow DED is ſhap- 
d out of a deal board, half an inch thick and 5 feet long, being 7 inches 
" . broad 


Fig. 564 


Fig. 563. 


298 OF POLISHING THE CLASSES. Book 3. 


broad in the middle, and tapered narrower towards its extremities, ſo as 
to end almoſt in a ſharp point. The middle of the bow is fixt to the floor 
by an iron ſtaple at E driven croſs it; and is bent into an arch by a ro 

FITF; to which two other ropes are tied at Tand J; the interval II be- 
ing equal to the length of the beam CC. One of theſe ropes IC CG goes 
over the back of the beam CC, paſſing through a hole in each handle at 
C and C, and then is lapped round a cylindrical pegg at G, that paſſes 
through two wooden chaps, to the bottom of which the other rope is tied 
that comes from the other J. So that by turning the pegg G, to lap the rope a- 


bout it, the bow DD may be bent as much as you pleaſe. The tool A is 4 
. 


ced upon a ſtrong ſquare board fixt to the table O on one ſide, and 
ported on the other fide by the poſt P. Then the workman fits down, 
and taking hold of the handles CC, he draws the glaſs to him and from 
him over the tool 4, with a moderate motion. And after every 20 or 
24 ſtrokes he turns the glaſs a little about its axis. This way of poliſhing 
took up two or three hours, and was very laborious as well as tedious, be- 
cauſe the glaſs being ſo much preſſed downwards was moved very ſlowly. 
775. Inſtead of the bow DD, afterwards I invented another ſpring, by 
floping the flat ends of a couple of deal boards & g, ay and by nailing the 
flat ſlopes together very firmly that the boards might make an acute an- 
gle Bay. One of theſe boards ſo joined was laid upon the floor under the 
poliſhing table, the ends By being under the middle of the tool A. So 
that they lay quite out of the way of the workman, who before was a lit- 
tle incommoded by the ends of the bow D D. The boards at the end & 
were 8 or 10 inches broad, and from thence went tapering almoſt to a 
point at g and y. The board ay lying upon the floor, the end g, of the 
upper board, was pulled downwards by a rope ge that paſſed under a 
pully e, fixt to the floor, and then was lapped round a ſtrong pegg j that 
turned {tiff in a hole in the floor. Under the end the middle of a rong 
ſtick d / was fixt at right angles to the board ay, and cords were tied to 
each end of this ſtick at 9, 4, which went over the poliſhing beam C, C 
as in the former machine. This ſtick was lifted up but very little from 
the floor at the time of poliſhing ; and by conſequence the ropes q C, d 
were long enough to give liberty of motion to the poliſhing beam-CC. 
Two iron pins b, 8 pafling through the ends of the boards at a, were 
{krewed into the floor, but the heads of the pins ſtood up above the 

boards, to give them liberty to riſe up when the ro BeC was ſtretched. 
776. To fecilitate the labour of moving the glaſs backwards and for- 
wards in the tool, I made this addition to the former machine. At M is 
repreſented a ſtrong hand made of wood or iron, having a ſquare cavity 
cut through the bottom of it, for the poliſhing beam CC to paſs through, 
not tight but with ſome liberty. To one fide of this hand M a long board 
LL is annexed, ſome way or other, by means of an iron bolt. The 
11 k breadth 
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breadth of the lower ſurface of this board LL is equal to the breadth bf 
the hand M, being 2 inches and a half, its thickneſs is half an inch, and 
its length is equal to three ſemidiameters of the tool. The board LL muſt 
be drawn length ways backward and forward over a block H fixt firmly 
to a table O; the thickneſs of the block being ſuch that the board LL 
may lye an inch higher than the ſurface of the tool 4. The wooden 
hooks at [1 and the pins at & keep the motion of the board in the ſame 
direction by hindering it from flipping either ſideways or upwards. Over 
this board, at right angles to it, and over the middle of the block H there 
lyes a wooden roller, having a ſtrong iron axis which turns in the holes 
of two iron plates fixt to the ends of the block. The thickneſs of 
the roller is about an inch and a half. Through two holes bored 
through this roller and made wider at one end of them, two ſtrong cords 
are made to paſs with knots at one end of them, to be drawn into the wi- 
der parts of the holes, that they may neither ſlip through nor ſtand our 
from the roller. Then each cord is lapped round the cylinder ſeveral 
times; and one end of each is pegged firmly into the board LL at the 
end towards M, and the other ends of them are lapped round a pegg at 
N; which being turned round will ſtretch the cords as much as you 
leaſe. At one end of the axis of this roller there is a handle 2 which be- 
ing turned round, backwards and forwards alternately, the board LL 
with the glaſs annexed to it is moved to and fro, fo far, that about a third 
part of its diameter ſhoots both ways over the margin of the tool. The 
ſpike in the middle of the beam CC preſſes the glaſs a little obliquely, 
becauſe the hand M holds the beam CC not tight but ſomewhat looſely, 
to the end that the glaſs may paſs over the tool without trembling. Ne- 
vertheleſs this inclination of the ſpike muſt be but very ſmall; and may 
eaſily be increaſed or diminiſhed ſeveral ways. Two pins or ſtops muſt 
be fixt to the under ſurface of the board LL, to determine the length of 
the ſtroke. The tool A, or rather the tone to which it is cemented, is 
ſqueezed faſt between the block-H and a ſtrong ſtop on the e ſide 
of the ſtone, by the interpoſition of a wedge. The workman ſits upon a 
round ſtool, and when one hand is tired with turning the roller, he applies 
the other; and therefore is not tired ſo ſoon as with the other machine, 
which required both hands, and alſo a reciprocating motion of his whole 
body. Sometime after, I cauſed a longer handle Q to be made that turned 
at both ends, for the convenience of uſing both hands at once. | 
777. After every 20 or 24 ſtrokes it is neceſſary to give the glaſs a 
{mall turn about its axis; which is eaſily done by laying hold of the ſlate, 
fixt to it, with one hand, while the other hand goes on with the poliſhing 
motion. The tool muſt alſo be moved a little after every 25 or 50 ſtrokes, 
by drawing it half a ſtraws breadth towards that part of it which the glaſs 
has left; and by drawing it back again after as many more ſtrokes, Bo 
| . | P p 2 the 
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the beginning of the work the tripoly wilt be gathered into little lumps 


in ſome places of the tool, but will be diſperſed again in a little time; and 
then the area of the tool will become perfectly fmoeth. 

778. If the tripoly does not appear to ſtick equally to the glaſs in all 
parts, and to be diffuſed over it in ſlender ftraight fireaks, the frying- pan, 
with coals in it, muſt be held over the tool again; til you perceive the 
the area or coat of tripoly is not quite ſo cold as the other parts of the tool: 
Then let tripoly be rubbed upon the tool again, and let the glaſs be preſſed 
over it with your hand, to try whether it ſticks equally to the glaſs in 
every place. When it does you may proceed in the work of polithing: 
But after I began to make uſe of vitriol inſtead of verdigreaſe, all that I 
have ſaid about warming the tool may be omitted. Becauſe theſe coats. 
always touch the glaſs as they ſhould do, and ftick better than before. 
Alſo let the tool be rubbed with tripoly over the coat withont warmin 
the tool, that the coat may be preſerved more entire and that the glaſs 
may touch it better; which muſt always be repeated after 200 or 400 
ſtrokes in poliſhing. The glaſs ſhould alfo be taken from the tool after 
200 ſtrokes, by withdrawing the bolt L which connects the hand M to 
the board LL; and by removing the beam CC. Then rub your finger 
upon = * or a clean rag or a bit of leather, to examine how much. 
it is poliſhed. | | 

wh To ſave the trouble of counting the ſtrokes, there is a wooden 
wheel AX, 7 or 8 inches broad, placed flat againſt a board, fixt to the 
fide of a —_ It turns eaſily about an axis, and has 24. teeth, like thoſe 
of a ſaw, which are puſhed round by a bended wire TIA, in this man- 
ner. The wire turns about a center Y, and while one end of it is pulled 
by the ſtring TV, tyed to the end of the board LL, the oppoſite end TX 
puſhes back a long ſpring RS fixt to the board at R; which by preſſing 
upon the wire at & cauſes the part 7X to bend a little, and ſo the point 
X, in returning to the wheel (the ſtring being relaxed) falls a little lower, 
into the next tooth, and puſhes it forward into the poſition repreſented 
in the figure. There is a 15 ringing catch at A which ſtays the wheel, af- 
ter every ſtroke at X. Laſtly there is a pin fixt in the circumference of 
the wheel at Z, which by preſſing the tail of a hammer and letting it go 
again, cauſes a bell to ſound after every revolution of the wheel, and gives 
notice that the glaſs muſt be turned a little about its center. It is eaſy to 
underſtand that another piece of wheel work, having three or four in- 
dexes, Whoſe revolutions are in decimal progreſſion, may be fixt to 
the block H and impelled by the ſtrokes of the board LL; by which 
means, without any trouble of counting, one may be informed how many 
ſtrokes go to poliſh a glaſs. | 

780. Aglaſs 5 or 6 inches broad requires about 3000 ſtrokes upon each 
furface, to bring it to perfection. And you mult carefully examine, the 
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middle of the glaſs oppoſite to the blacking, whether any place appears 
darkiſh or of an aſh-colour ; or whether any ſmall ſpots appear by an ob- 
lique reflection of the light of a candle or of a ſmall beam of light let into 
a dark room. For the other parts of the glaſs will appear perfectly fine 
much ſooner than the middle. | 

781. After the glaſs has been ſufficiently poliſhed, let the ſtone, the 
cloth and the cement be warmed over a pan of charcoal, till the cement 
grows ſo ſoft that the glaſs may be ſeparated from it by a fide motion. 
Then whatever cement remains upon the glaſs muſt be wiped off with a 
hot cloth dipt in oil or tallow, and laſt of all with cleaner cloths. Then 
if it does not appear perfectly poliſhed (for we are often deceived in this 
point) the work mult be repeated again, by glewing the glaſs to the ſlate 
as before; then it muſt be wiped very clean and be made a little rough 
as we ſaid before. We may alſo lay a new fund or coat upon the tool if 
the old one be ſpoiled ; provided no other glaſs has been poliſhed in the 
cool in the mean time. The old fund may be waſhed off from the tool 
with a little vinegar. Laftly take care always to chooſe the thickeſt and 
the cleareſt pieces of glaſs, to avoid a great many difficulties that ariſe 
from the unequal preſſure in poliſhing. 


CHAPTER II. 


The method of caſting, grinding and poliſhing metals for re- 
fecting teleſcopes, begun by the Honourable Samuel Moly- 


neux Eſquire, and continued by John Hadley Eſquire, 
Vice-Preſident of the Royal Society. 


T is Chiefly to the invention of teleſcopes that we owe all the late Hiſtorical pre 
I diſcoveries and moſt of the preſent accuracy in Aſtronomy. An inven- face. 
tion which certainly, in its firſt original, was put in practice by an Engliſh- 
man Frier Bacon; although its firſt application to aftronomical purpoſes 
may be juſtly attributed to Galileo. The greateſt improvement, which 
this invention has ever received, is indiſputably and ſingly owing to Sir 
Tſaac Newton: to whoſe extraordinary ſagacity, and very judicious expe- 
riments, the world firſt owes the diſcovery of the different refrangibiliry 
of the rays of light, and the inſuperable difficulties ariſing from thence in 
perfecting any refracting teleſcope. This led him to the practice of mak- 
ing teleſcopes by reflection; which having attempted with his own hands, 
he perfected ſome of fix inches length about the year 1670. Whoſoever 
therefore would throughly underſtand the method of making theſe teleſ- 
copes, will find it very proper in the firſt place, to peruſe and Wy 
conſider the account which the celebrated author of this invention ha 
himſelf given of it in his writings; which are to be met with in the Phi- 
CEN 2 loſophical 
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loſophical Tranſactions, Ne. 80, 8 1, 82, 83, 88, 96, 97; and in his Trea- 
tiſe of Light and Colours, beginning at the 8gth page of the engliſh edi- 
tion in 8. It will be neceflary here to note an error of the printer in this 
ggth page; where it is ſaid « that the —_— of the obje-glaſſes, and 
the charges or magnifying powers, ought to be as the cubes of the /quare 
roots of the lengths of the teleſcopes; the word /quare is falſe printed; it 
ſhould be as the cubes of the ſquare-ſquare roots of the lengths. 

782. As great an improvement as this was to teleſcopes, Ido not find that 
it was ever effectually proſecuted from that time till about the year 1719 
or 20; whena very ingenious gentleman Mr. Hadley of Eſſex, attempted 
it, and ſucceeded very well in making two inſtruments of this kind, of a- 
bout 5 foot 3 inches long; one of which he has been pleaſed to give to 
the Royal Society. A very particular and curious deſcription of this in- 
ſtrument, and of the apparatus for managing thereof, hath been given 
by Mr. Hadley, with a figure of it alſo, in the Philoſophical Tranſactions 
for the months of March and April 1723 Ne. 376. It will be neceſſary for 
any perſon that would attempt to make this inſtrument, to conſider that 
account given by Mr. Hadley; for although he gives therein no account 
of the manner of caſting, grinding and poliſhing the ſpecula, yet as to 
the proportion and compoſition of the different parts of rhe inſtrument, 
and of the apparatus for moving it, the reader will there find ſeveral uſe- 
ful inſtructions. What is contained in the following papers is alſo chiefly 
owing to the communicative genius of that gentleman : and had he ever 
given himſelf the trouble to reduce to writing what he knows and hath 
37 es in the abovementioned particulars, as to the conſtruction of this 

nſtrument, the following account had been altogether unneceſſary. Up- 
on his encouragement and inſtructions, the Reverend Mr. James Bradley 
Profeſſor of Aſtronomy in Oxford, attempted the ſame about three 
years ago; and having ſucceeded pretty well, would probably have per- 
fected one of them, had he not been obliged ſuddenly to remove from the 
place where he then dwelt, and been ſince diverted from itby other avo- 
cations, Soon after this Mr. Bradley and I began our endeavours at Kew 
to perform the ſame, and our firſt attempt was to make them about 26 
incheslong. Notwithſtanding Mr. Bradley's former tryals and Mr. Hadley's 
frequent inſtructions, we were a long while before we could tolerably 
ſucceed. The firſt good one that we finiſhed was in May 1724, of the a- 
foreſaid length of 26 inches. I have ſince made a pretty good one of about 
7 inches, and we are now about one of 8 foot. 

783. The main drift of all our tryals hath been if poſſible to reduce 
the method of making theſe inſtruments to ſome degree of certainty and 
caſe ; to the intent that the difficulty in making them, and the danger in 
miſcarrying, might no longer diſcourage any workman from attempting 
che ſame for publick ſale; which no body but Mr. Hauk/bee in 2 

| ourt 
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Court hath ever ventured upon. He has made a good one of about 3 £ foot, 


and is now about one of 6 foot and another of 12 foot, and deſerves very well 
to be encouraged, being the firſt perſon who hath attempted it without 
the aſſiſtance of a fortune, which could well bear the diſappointment. 
About the beginning of the laſt winter being pretty well ſatisfied as to 
moſt of the circumſtances in this performance, and being defirous that 
theſe inſtruments might become cheap and of publick ſale, we acquaint- 
ed Mr. Scarlet near St. Annes Church, and Mr. Hearne a Mathematical 
Inſtrument- maker in Dogwel Court, White Friers, with the whole proceſs 
of the operation as we had practiſed the ſame; and they have ſince ſuc- 
ceeded in making theſe inſtruments. However as they are not yet become 
ſo common, ſo cheap and ſo univerſally made and uſed, as one would 
wiſh an inſtrument of this nature to be, we have been encouraged to give 


this following account, for the general information of all perſons who 
would make the ſame for their own uſe or for ſale. 


784. Having in the firſtplace conſidered of what length one would pro- To make the 
pole the inſtrument to be, and conſequently what diameter it will be ne- #5 


ceſſary to give to the large ſpeculum, for which there are ample inſtruc- 
tions by Sir 1/aac Newton's table in the Philoſophical Tranſactions afore- 
ſaid“, allowing about an inch more than the aperture in the table for 
the falſe figure of the edges, which very often happens; I fay having de- 
termined theſe things, take a long pole of fir deal or any wood, of a 
little more than double the length of the inſtrument intended, and ſtrike 
through each end of it two ſmall ſteel points, and by one of them hang up 
the ſame againſt a wall perpendicularly ; then take two pieces of thin plate 
braſs well hammered, a little thicker than a ſix-pence ; theſe may be a- 

bout an inch and a half broad, and let their length be in reſpect of the dia- 
meter of the ſpeculum as 3 to 2 ; vi. if the ſpeculum be 8 inches dia- 
meter, theſe may be about 12. Fix each of theſe ſtrongly with rivets be- 
tween two thin bits of wainſcot, ſo that a little more than a quarter of 
an inch in the breadth, may ſtand out from between the boards. Then fix 
up theſe pieces horizontally againſt the wall under your pole, and there- 
with, as with a beam compaſs, ſtrike an arch upon each of them; then 
file each of them with a ſmooth file to the arch ſtruck, ſo as one may be 
a convex and the other a concave arch of the ſame circle. Theſe braſſes 
are the gages to keep the ſpeculum, and the tools on which it is ground, 
always to the ſame ſphere. And that they may be therefore perfectly true 
to each other, it is neceſſary to grind them with fine emery one againſt 
the other, laying them on a flat table for that purpoſe, and fixing one of 
them to the table. 


785. When the gages are perfectly true, let a piece of wood be turned a- 


bout 2 tenths of an inch broader than the intended ſpeculum, and ſome- *** {ponies 


® Sec another table Art. 364. and alſo Art. 362, * 
What 
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what thicker, which it is beſt to caſt in no caſe leſs than 2 tenths of an 
inch thick, and for ſpecula of 6, 8, or 10 inches broad, this ſhould be at 
leaſt three or 4 tenths thick when finiſhed®. This board being turned, take 
Tome common pewter and mix with it about , of regulus of antimony, 
and with that wooden pattern caſt one of this pewter, which will be 
conſiderably harder than common pewter. Let this pewter pattern be 
truly turned in a lathe, and examined by means of the gages aforeſaid, 
as a pattern for caſting the ſpecula themſelves; and take care when it is 
turned that it be at leaſt - of an inch thicker, and about g of an inch 
broader than the ſpeculum intended to be caſt therefrom. 

To make the 786. The manner of making the moulds for caſting is now to be ex- 

— 9” plained, and will ſerve for a direction as well for caſting this pewter pat- 

patterns and tern, as afterwards for caſting thereby the ſpeculum it ſelf. The flaſks 

the ſpecula. Had beſt be of iron and muſt be at leaſt 2 inches wider every way than the 
ſpeculum intended. In each flaſk there ſhould be the thickneſs at leaſt, 
of one inch of ſand. Thecaſting ſand which the common founders uſe from 
Highgate, will do as well as any; and any ſand will do which is naturally 
mixt with a ſmall proportion of clay, to make it ſtick. The ſand ſhould 
be as little wet as may be, and well beaten but not too hard. The ingates 
ſhould be cur ſo as to let the metal flow in, in four or five ſtreams over 
the whole upper part of the mould; .otherwiſe whatever pores happen in 
the metal, will not be ſo equally diſperſed as they ſhould be over the whole 
face of the metal; theſe pores: generally falling near the ingate ſtreams. 
Let the flaſks dry in the ſun for ſome hours or near a very gentle fire, 
otherwiſe they will warp and give the ſpeculum, when caſt, a wrong fi- 
gure. For beſides ſaving the trouble in grinding, it is beſt on many ac- 
counts to have the fpeculum caſt of a true figure; and it is for this rea- 
ſon, that it is beſt to caſt it from a hard pewter pattern, and not from a 
wooden one as founders uſually caſt. 

The compoſi- 787. The next point that is to be conſidered is the compoſition or in- 


tion ofthe gredients-of the metal it ſelf for the ſpecula. As to this it may be ſaid in 


manner of general, that. any hard white metal that will take a poliſh will do more 


<afting ii. or leſs well. We have made trials of above 150 different mixtures and 


found none of them entirely free from all faults. Three 2 of copper 


and one part and a quarter of tin will make a very hard white metal, but 


it is very liable to be more porous than it ſhould be, eſpecially if the me- 
tal be too much heated in melting. Six parts of good ſhruff braſs and 
one part of tin, will make a whiter and harder metal; but the fume of 


a The metal of my reflefting teleſcope, made by that excellent workman Mr. Hearne in Dog wel- 
Court, White Friers by Fleet-Street, is 6 inches broad and between 6 and 7 tenths thick; belides a 
braſs plate ſoldered to its back an inch and half broad, with 4 holes in it to fix a ſhort handle to it 
mentioned in art. 790 having alſo a ſocket in the middle to ſkrew in another handle when finiſhed. 
Ats focal diſtance is five foot. 


S Elate-braſs, caſt and milled ; the beſt comes from Hamburgh, 4 
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the calamy ſtone in braſs, leaves very often ſtreaks of ſcabrous parts in 
the ſurface of the metal; which if many utterly ſpoil it. Take two parts 
of the former mixt metal of copper and tin, and one part of the latter 
braſs and tin, this alſo will make a good metal; let the co and the 
braſs be firſt melted together, and keep them in fuſion for half an hour or 


more; then clear the pot and put in the proper quantity of tin for both; 


which will inſtantly melt; ſtir it well about and pour it off immediately. 
This mixture may be melted over and over again in caſe of neceſſity, pro- 
vided always care be taken that the fire is not ſuffered to be too — wh 
A common bellows furnace has been found moſt convenient for govern- 
ing the fire, and ſome metals have ſucceeded which have been caſt by a 
common braſs- founder in their ordinary way of caſting ; the compoſt- 
tion having been firſt made and melted together for the ſpeculum and de- 
livered to them only for caſting. There hath been tried alſo another 
mixture and another manner of caſting, which ſucceeded better than any 
of the abovementioned : it was copper, ſilver, regulus of antimony, tin 
and arſenick ; and the metal was caſt in very hot moulds of braſs ; but 


as this method is very expenſive and will never become common, it need 


be no further inſiſted upon in this place. 


788. The metal being duly caſt, grind the ſurface of it quite bright Of rough 


6 ; p - inding the 
upon a common grindſtone ; keeping it by means of your convex gage 4" Yu 


as near to your intended figure as may be. When all the outward ſurface 
and all the ſand holes and falſe parts and inequalities are ground off, then 
provide a good thick ſtone; a common ſmall grinding ſtone will do very 
well. Let its diameter be to the diameter of the ſpeculum as 6 to 5; with 
another courſe ſtone and ſharp ſand or courſe emery, rub this ſtone till ir 
firs the concave gage; and then with water and courſe emery at firſt and 
afterwards with finer rub your ſpeculum upon this ſtone until it forms it 
ſelf into a true portion of a ſphere fitting your convex gage, A different 


manner of moving the metal upon the ſtone, will incline it to form it ſelf = 


ſomewhat of a ſmaller or larger ſphere. If it be ſtruck round and round, 
after the manner of glaſs-grinders, the ſtone will wear off at the outſides, 
and the metal will form it ſelf into a portion of a leſs ſphere. If it be 
ſtruck croſs and croſs the middle, it will flat the ſtone and become ſome- 
what of a larger ſphere. There ſhould be uſed but very little emery at a 
time, and often changed; -otherwiſe the metal, will always be of a ſmal- 
ler ſphere than the ſtone and will hardly take a true figure, eſpecially at 
the outſide. For the better grinding the metal it is neceſſary that this ſtone 
ſhould be placed firm on a ſtrong round board fixed firmly on a poſt to 
the floor, as is uſual with glaſs-grinders, and the ſame table or pillar will 
ſerve for the further grinding and poliſhing the ſpeculum. 


789 When the metal is caſt and rough figured (which ſhould be done Mr. Hallys 


wich taking off as little of the — the metal as is poſlible, — —— 


= 
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that cruſt ſeems to he generally harder and more ſolid than the inner parts,) 
the fides and back of it ſhould be ſmoothed and finiſhed ; leaſt the doing 
that afterwards ſhould make the metal caſt and ſpoil the figure of the 
foreſide. | 

Provide a con- 790. A round braſs plate muſt be caſt of ſufficient breadth and thick- 

cave braſs tool. eſs; (for a ſpeculum 6 inches diameter I uſed a plate 8 or ꝙ inches broad, 
and 4 an inch thick.) Let one fide be turned to the concavity you deſign 
your ſpeculum ſhould have; on the other fide let it have ſuch a handle 
faſtened as may make it eaſily manageable. This handle ſhould be as ſhort 
as conveniently it can, and fixt to the plate's back rather by ſome other man- 
ner than either by ſkrewing it into a hole in the metal, or by a broad 
ſhoulder ſkrewed againſt the back of it, for fear of bending the plate. 

And a convex 791. Have ready a round marble about + or r part broader than the 


ee, e braſs plate, and an inch or inch and 4 thick: let this be cut by a ſtone- 
helene. cutter to the ſame convexity on one fide as the concavity of the plate; and 
then grind it with the plate and emery till all the marks of the chiſſel are 
out. This marble is to be covered with pieces of the fineſt blue hone or 
whetſtone, chooſing thoſe that are neareſt of a breadth and thickneſs, 
but chiefly thoſe that when wetted appear moſt even and uniform in their 
colour and grain. They are to be cut into ſquare bits, and theſe, having 
each one fide ground concave on the convex marble with emery or fine 
ſand, are to be fixt cloſe down on it with ſome tough and ſtrong cement 
in the manner of a pavement, leaving a ſpace of a ſmall ſtraws breadth 
between each; their —_ being likewiſe placed in an alternate direction 
Fig. 565. as repreſented in the figure. I chooſe rather to diſperſe the ſquares that 
come out of the ſame whetſtone to a diſtance from one another, than to 
— them — They muſt then be reduced to one common convex 
ur face to fit the braſs plate; and if the cement happen to riſe any where 
between them, ſo as to come up even with their ſurface, it muſt be dug 
out; and ſo from time to time as often as the hones wear down to it. 
Upon theſe ſquare pieces of whetſtone the laſt figure is to be given to the 

ſpeculum. | | | 
* r e 792. Beſide theſe there will be wanted for the laſt poliſh either a very 
Sarble one, thick round glaſs plate, (its diameter being about the middle ſize between 
that of the braſs tool and that of the ſpeculum it ſelf,) or if that cannot 
be procured of near + an inch in thickneſs, I imagine a piece of true 
black marble of the eveneſt grain and freeſt from white veins or threads 
may do in its ſtead. This glaſs or marble muſt be figured on one fide to 
the braſs tool likewiſe, and is to ſerve for the finiſhing the poliſh of the 

ſpeculum, when covered with ſarcenet as ſhall be directed. 

793. A ſmaller braſs or metal 9 75 of the ſame concavity with the 
larger will be uſeful, as well to help to reduce the figure of the hones 


when- 


And a concave 
bruiſer. 


CHAP. 2. REFLECTING TELESCOPES. 307 


whenever it appears to be too convex; as to ſerve for a bruiſer torubdown 
any gritty matter happening to be amongſt your putty, before. you put 
the ſpeculum on the poliſher, when you renew the powder. Any of the 
ſpeculums which prove bad in caſting will ſerve for this purpoſe. 


794. When all is thus far ready, let the marble with the blue honeg Of grinding 


be fixt in ſuch manner, that ic may be often waſhed during your work 


the braſs tool 
v on the whet- 


by throwing on it about + of a pint of water at a time, without inconve- ftones. 


nience. Then place the braſs tool on the hone pavement, and rub it 
backwards and forwards with almoſt a direct motion; yet carrying it by 
turns a little to the right and left, ſo as to go a little over the edges of the 
pavement, every way, regularly turning the tool on its own axis, and al- 
ſo changing the direction of the ſtroke on the hones. This continue, keep- 
ing them always very wet, till you have got out all the rings remaining in 
the plate from the turning, and the blackneſs from grinding the marble 
or glaſs in it; and towards the latter end often waſhing away the mud 
which comes from the whetſtones. 

795. When this is done lay the braſs tool down, and in it grind again 
with fine emery the glaſs or marble deſigned for the laſt poliſher, giving 


it as true a figure as you can; in order to which you may obſerve the di- one. ws 
Art. 758. &c. 


rections of Mr. Huygens in his Comm. de form. & pol. vitr*. But give it 
no farther poliſh. | 

796. Chooſe a piece of fine ſarcenet as free from rows and great threads 
as you can. Let it be 3 or 4 inches broader than the glaſs or marble; and 
turn down the edges of the ſarcenet round the ſides of the glaſs &c. and 


Of grinding 
the glaſs tool 
on the braſs 


Of covering 
the glaſs tool 
with pitch and 
ſarcenet, for a 


ſtrain it by lacing it on the backſide as tight and ſmooth as you can, hay- Poliſmer 


ing firſt cleared it of all wrinkles and folds with a ſmooth-iron, and 
drawn out the knots and gouty threads. Then wet it all over as evenly as 
you can with a pretty ſtrong ſolution of common pitch in ſpirit of wine; 
and when the ſpirit is dried out repeat the ſame, and if any bubbles or 
bliſters appear under the ſarcenet, endeavour to let them out with the 
point of a needle. This muſt be repeated till the ſilk is not only ſtuck 
every where firmly down to the glaſs or marble, but is quite filled with 
the pitch. A large painters pencil, made of ſquirrels hair, is of uſe for the 
17 this varniſh equally on the ſilk, eſpecially when it begins to be 

ull. It muſt then be ſet by for fome days, for the ſpirit to dry well out 
of it, and the pitch to harden, before any thing more be done to it. If you 
do not care to wait fo long, the pitch may be melted into the filk with» 
out diſſolving it in ſpirits. In order to this, ſtrain a ſecond thin filk over 
the firſt, but you need not be curious in the choice of it, and having heat- 
ed all together as hot as you think the ſilk or glaſs will ſafely bear, pour 
on it a little melted pitch (firſt ſtrained through a rag) ſo much as you 
Judge ſufficient to fill both filks; it muſt be kept hot ſome time till the 
pitch ſeems to have ſpread W all over. If you find you cannot 

| | 2 


get 
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get it to fink all inte the: upper ſilk, but it ſtands above it any where, it is 
a ſign there was too much pitch layed en, which ſhould'be taken away in 
thoſe places while it remains liquid, with a hot rag preſſed down on it. 
When all is cold again, ſtrip off the outward ſilk and cut away the uſeleſs 
looſe edges of the inward. To take off the ſuperfluous pitch where it lyes 
too thick, and reduce the whole to a regular ſurface, it muſt be rubbed in 
the braſs tool with a little ſoap and water, till they are coloured of a pretty 
deep brown with the pitch: then waſh them away, and repear the fame 
with more ſoap-and water till the weaving of the ſilk appears every where 
as equally as you can make it. As this work takes up ſome time, you may 
expedite it by putting a few drops of ſpirit of wine to the ſoap and wa- 
ter, (which will help them to diſſolve and wear away the pitch ſomething 
faſter) till it comes towards a concluſion ; and-tf there are any places 
_ the pitch lies. very thick, you may ſcrape it away with a ſharp 
knife, | 
Of preſerving 797. This poliſher muſt be carefully kept from all duſt and grit, but 
che. paliſher, particularly from emery and filings of hard metals; and therefore ſnould 
| not be uſed in the place where the others come. After they have ſerved a 
good while they are more apt to ſleek the metals than at firſt; to pre- 
vent which their ſurfaces may be taken off by rubbing them with ſoap 
and water in the tool as before, and then ſtriking them once or twice over 
with the beforementioned ſolution of pitch with a pencil, proceeding as 
before, only that you muſt not now put any ſpirit to your ſoap and wa- 
ter, nor will you need to change them above once or twice: 
Of grinding 798. You may now begin to give the figure to your. ſpeculum on the 
rae meal hones, rubbing it and the braſs tool on them by turns, till both are all 
over equally bright; having firſt fixt on to the middle of the back of your: 
ſpeculum a ſmall and low handle with only pitch ſtrained through a rag. 
For of all cements. that ſeems the leaſt apt to bend the metals in ſticking 
theſe handles &c. on to them. | | 
of figuring 799. The _— being fixt likewiſe in a proper manner for your 
= — work, rub either the metal it ſelf, or rather the beforementioned bruiſer, 
che poliſher. being firſt alſo figured on the hones, with a little putty waſhed very fine 
| and fair water; till it begins to ſhew ſome poliſh. Then if you find it. 
takes the poliſh unequally, that is more or leſs about the edges than in the 
middle, tis a ſign. the braſs tool and metal &c. are more or leſs concave. 
chan to anſwer the convexity of the poliſher ; and muſt be reduced to the 
eurvature of this, rather. than to attempt an-alteration in the figure of 
the poliſher; which would be a much more difficult as well as laborious. 
work. If the fpeculum appears too flat, the larger braſs tool muſt be 
wor kt on the hones for ſome time, keeping its center near their cireum- 
ference,. with a circular motion; but concluding for ꝙ or g minutes with 
An 794; uch a motion as. was before deſcribed :. Then. figure. the. metal anew 2 
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the hones and try it again on the poliſher as before. If the metał be tos 


eoncave, the ſurface of the hones may be flatted by rubbing the ſmaller 


braſs plate, or the beforementioned ilF caſt metal, on the middle of them; 
with a dire but ſhort ſtroke, ſo as but juſt to reach over their circum- 
ference with the edge of it. Then the larger braſs is to he workt on them 
in the ſame manner; and laſt of alt the metal to be poliſhed. When you 
find the braſs. tool and hones &c. anſwer the curvature of the 67" hg 
you may then examine the truth of the figure of the ſpeculum more ſtrict- 
ly, to avoid the loſs of time and labour in finiſhing its poliſh while the 
figure is imperfect. 


800. Place the ſpeculum in a vertical poſture on a table about 3 f or 3 
0 E. 

hos of the 

b metal. 

of its concavity. About + an inch before the flame place a flat tin, or thin Fis. 566. 


4 feet from the floor. On another table ſet a candle whoſe flame ſhould be 
about the level of the middle of the ſpeculum, and very near the center 


braſs, plate about 3 inches broad but 4 or 5 high, having ſeveral holes 
about the middle of different ſhapes and ſizes; ſome of them as ſmall as 
che point of the ſharpeſt needle will make them, the biggeſt about the 
fize of a large muſtard ſeed : darken the room and move this candle and: 
plate about on the table, till the light from the brighteſt part of the flame, 
aſſing through ſome of the 3 holes to the ſpeculum, is reflected 
— ſo. as. to form the images of thoſe holes, cloſe without one of the 
ſide edges of that thin plate. Thoſe largeſt images in this caſe will be 
viſible, (although the ſpeculum have no other pohſh than what the hones 
give it,) when received on a thick white card held cloſe to that edge of the 
plate, if the back of the card be either blacked or ſo ſhaded that the can- 
dle may not ſhine through it; and the eye be alſo ſkreened from the can 
dle's direct light. If any difficulty happens in · diſcerning them; the plate 
may be removed and the image of the whole flame will be eaſily ſeen. 
Have ready an eye-glaſs whofe focal diſtance may be ſomething greater 
than the double of that of the eye-glaſs you intend for the inſtrument 
when finiſhed: you may try ſeveral at your diſcretion. Let this be ſup- 
ported by a ſmall ſtand moveable on the table, and capable of raiſing and 
linking it, as the height of the flame requires, and of turning it into any 
direction. By means of this ſtand bring the n a poſition, 
chat the light from ſome of the holes, after its reflection from the ſpecu- 
lum, may be received perpendicularly on its ſurface; and that its di- 
ſtance from the ſpeculum be ſuch, that the reflected images of the holes 
may be ſeen diſtinctly through it, near the edge of the thin plate, by the 
light coming immediately from the ſpeculum: guide the candle and thin 
plate with one hand, and the ſtand carrying the eye-glaſs-with the other, 
till you have got them into ſuch ſituation, that you ſee diſtinctly at the 
ſame time, through the eye-glaſs, the edge of the thin plate, and the 
mage of one of the holes cloſe. to it. Meaſure. the exact diſtance of the 


—— — — 


To examine 
the figure of 
the metal. 


A caution to 


be obſerved. 


Fig. 566. 


A circum- 


Kance varied. 
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middle of the ſpeculum from the chin plate directly againſt the flame, 
and alſo from the edge cloſe to which you ſee the image of the hole. 
If thefe meaſures are the ſame, ſet it down as the exact radius of conca- 
vity of your ſpeculum, and proper curvature for any chat are to be po- 
liſhed on your poliſher, though that will allow ſome lacicude : If the 
meaſures aforeſaid differ, take the mean between them. | 

301. You will now alſo judge of the perfection of the ſpherical figure 
of your metal by the diſtinctneſs with which you ſee the repreſentations 
of the holes, with their raggedneſs, duſts and ſmall hairs ſticking in them: 
and you will be able to judge of this more exactly and likewiſe to diſco- 


ver the particular defects of your ſpeculum, by placing the eye-glaſs fo 


as to ſee one of the ſmalleſt holes in or near its axis; and then by turns 
ſhoving the eye-glaſs a very little forward towards the. ſpeculum and 
pulling it away from it by turns, letting the candle and plate ſtand ſtill 
in the mean time. By this means you will obſerve in what manner the 
light from the metal comes to a point, to form the images, and opens again 
_—_ it has paſt ir, If the area of the light, juſt as it comes to or parts from 
the point, appears not round but oval, ſquariſh, or triangular &c. it is 
a ſign that the ſections of the ſpecular ſurface, through ſeveral diameters 
of it, have not the ſame curvature, If the light, juſt before it comes to a 
point, have a brighter circle round the circumference, and a greater dark- 
neſs near the center, than after it has croſſed and is parting again; the 
ſurface is more curve towards the circumference and flatter about the 
center, like that of a prolate ſpheroid round the extremities of its axis; 
and the ill effects of this figure will be more ſenſible when it comes to be 
uſed in the teleſcope. Bur if the light appears more hazy and undefined 
near the edges, and brighter in the middle before its meeting than after- 
wards, the metal is then more curve at its center and leſs towards the 
circumference; and if it be in a proper degree, may probably come near 
the true parabolick figure. But the {kill to judge well of this, muſt be ac- 
quired by obſervation, | * 

802. In performing the foregoing examination, the image muſt be re- 
flected back as near the hole it ſelf as the eye's approach to the candle will 
admit of; that the obliquity of the reflection may not occaſion any ſen- 
ſible errors: in order to which the eye ſhauld be ſkreened from the can- 
dle; and che glaring light which may diſturb the obſervation may be ſtill 
more effectually ſhut out, by placing a plate, with a ſmall hole in it, in 
that focus of the eye-glaſs which is next the eye. A is che ſpeculum, 
B the candle and plate with the ſmall holes, C the cell with the eye-glaſs 
and plate behind it. | ** 

803. Inſtead of the flame of the candle and plate with ſmall holes, I 
ſometimes made uſe of a pieceof glaſs thick ſtuck with globules of quick- 
Glyer, ſtrained through a leather and let to fall on it in a dew; placing 


Wo! 


TE” 
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this glaſs near a window and che ſpeculum at a diſtance on the fide of the 
room, being it ſelf and every ching about it as much in the dark as can 
be. The light of the window reflected from the globules of mercury, 
appear ing as ſo many ſtars, ſerves inſtead of the fmall holes, with this 
advantage, that the reflection from the metal may be very near at right 


* | 570 | | ; 
804. If the figure of the metal appears nor ſatisfactory, the hones muſt 7* corre the 
be worktwith dae bal tool and water for 2 or 3 minutes with the mo- 1 


tion &c. firſt directed :; then work the metal on them with the like mo- 2 Art. 794. 

tion, and fuch length of the ſtroke as may carry the edge of it about ; or 

r of its diameter beyond that of the hone pavement each way; carry it 

likewiſe by turns to the right and left to about the ſame diſtance. Con- 

tinue this about 5 minutes, not preſſing the metal down to the hones with 

any more than its own weight, and obſerve that the oftener the mud is 

waſhed away the more truly ſpherical the figure of the ſpeculum will 

generally be: but the leaving a little more of this mud on the ſtones has 

ſometimes ſeemed to give the metal a parabolick figure. I have likewiſe 

given it the ſame by concluding with a kind of ſpiral motion of the cen- 

ter of the metal, near the circumference of the hones, in the manner re- 

preſented in the figure, for about half a minute. ; Fig. 567. 
'8og.. If after ſeveral tryals the metal appears to have always the ſame Signs of a bad 

kind of defect, and anſwering to the ſame particular part of the metal, meu. 

it is a ſign of a different hardneſs in its ſeveral parts, which will make it ve- 

ry difficult to bring that ſpeculum to perfection. In working the tool 

or metals on the hones, there will often appear little ſpots in them, much 

blacker and harder than the reſt; theſe muſt be dug out as faſt as they 


appear. Ty | 

906. When the figure is to your mind, you may proceed to finiſh the To poliſ the 
poliſh on the ſarcenet with very little putty, and that diluted with a great metal. 
deal of water. Before you put the putty and water on it, obſerve by hold- 
ing it very obliquely between your eyes and the light, if it have any liſts 
or ſtripes acroſs it, which appear more gloſſy than the reſt. If it be ſo, let 
the motion of the metal in poliſhing be directly athwart theſe liſts and 
not along with them, nor ever circular. In other reſpects you may ob- 
ſerve the ſame directions as were before given for its motion on the hones; 
not forgetting, after every 15 or 20 ſtrokes, to turn it on its axis about 
or g of a revolution. As the poliſher grows dry you will find the meta 
ſtick to it more and move ſtiffer; at which time it both poliſhes faſter 
and with a better gloſs: only take care that it grows not ſo dry as for the 
metal to take hold of the ſarcenet and cut it up; or for the pitch and 
putty to fix in little knobs here and there on it : which if it happen will 
preſently ſpoil the figure. As faſt therefore as the ſarcenet appears to be 
growing dry at any of its edges, touch the place with the end of a * 
| ipt 


- 


Art. 774. 


a Art. 38. 
-Fig. 568. 


Fig. 569. 
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dipt in clean water: you may uſe the ſame putty atleaſt half an hour, 
As often as you change it waſh the old clean away, and rub the new a- 
Hout firſt with your bruiſer, to ſee if there be any gritty or groſs particles 
in it, and rub them away for fear of ſcratching the metal; then laying 
down-the edge · of the ſpeculum a little way on the edge of the poliſher, 
where it is well covered with water, ſlide it on to the middle, and then 
proceed. The leſs putty you uſe at a time che ſlower the work will ad- 
vance, but if you uſe too much, it will ſpoil a little of the figure round 


the edges. It will not want any conſiderable force to preſs it down; but 


if it be of 5 or 6 inches diameter or more it will be very laborious to go 
through the poliſh without ſeme kind of machine. One ſomething like 
that deſcribed by Mr. Huygens in the aforenamed treatiſe*, may do very 
well; eſpecially if there be added to it ſome contrivance to hinder the me- 
tal's turning irregularly on its axis, and to give the workman a command 
of it in regard to the lateral motion. 


» CHAPTER III. 
How to center an object glass. 


Box. CIRCULAR object-glaſs is faid to be truly centered, when 
the center of its circumference is ſituated in the axis of the 
glaſs*, and to be ill centered when the center of its circumference lies be- 
ſide the axis. Thus let 4 be the center of the circumference of an object- 
glaſs abc; and ſuppole e to be the point where its axis cuts its upper ſur- 
ace. If the points d and e do not coincide, the glaſs is ill centered. Let 
ug be the greateſt circle that can be deſcribed about the center e, and by 
grinding away all the margin without this circle, the glaſs will become 
truly centered. Now the center e which lyes in the axis of the glaſs, 
ay be found by ſeveral methods, bur I prefer this that follows. 
08. Let a couple of ſhort cylindrical tubes be turned in wood or braſs, 
and let the convexity of the narrower be ſo exactly fitted to the conca- 
vity of the wider as juſt to turn round in it, with eaſe but without wad- 
dling ; and let the planes of the baſes of the tubes be exactly W an 
lar to their ſides. Place the baſe of the narrower tube upon a ſmooth braſs 
plate or a wooden board of an equal thickneſs, and with any ſharp point- 
ed tool, deſcribe a true circle upon the board round the out ward circum- 
ference of the baſe; and upon the center of this circle, to be found when 
the tube is removed, deſcribe a larger circle upon the board. Theſe two 
circles ſhould be ſo proportioned, that the one may be ſomewhat greater 
and the other ſomewhat ſmaller than any of the glaſſes intended to be 
centered by them. Then having cleared out all the wood within the in- 
ner circle, put the end of the tube into this hole, and there faſten it 53 
8 as. bs 4 . 
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glew, ſo that the baſe of the tube may lye in the ſurface of the board: 
then having fixt the wider tube very firmly in a hole made in a window- 
ſhutter, and having darkened the room, lay the glaſs to be centered up- 
on the board fixt to the narrower tube; and having placed the center 
of it as near as you can gueſs over the center of the hole, fix it to the 
board with two or three lumps of pitch, or ſoft cement, placed at its cir- 
cumference. Then put the narrower tube into the wider as far as it can 

o, and fix up a ſmooth fkreen of white paper to receive the pictures of 
objects that lye before the window; and when they appear diſtin upon 
the ſkreen, let the inner tube be turned round about its axis; and if the 
center of the glaſs happens to be in this axis, the picture will be perfectly 
at reſt upon the ſkreen ; if not, every point of it will deſcribe a circle. 
With a pencil mark the higheſt and the loweſt places of any one circle, 
deſcribed by fome remarkable point in that part of the picture which a 

ears moſt diſtin; and when this point of the picture is brought to the 
pigheſt mark, ſtop the circular motion of the wo and keeping it in that 
poſition depreſs the object-glaſs till the point aforeſaid falls exactly in the 
middle between the two marks. Then turn the tube round again, and 
the point of the picture will either reſt there or will deſcribe a much 
ſmaller circle than before, which muſt be reduced to a quieſcent point 
by repeating the ſame-operation. Then I ſay the center (of refraction ) 2 Art. 228. 
of the glaſs will lye in the axis of the tube, and by conſequence will be 
equidiſtant from 5 circumference of the large circle deſcribed upon the 
board fixt to it. Now to deſcribe a circle upon the glaſs fg h about its center Fig. 569. 
of refraction, let a long ſlender braſs plate a c be bent ſquare at each end, 
as repreſented in the figure, leaving a piece in the middle equal in length 
to the diameter of the large circle adbe that was deſcribed upon the 
board; and let the ſquare ends of the plate be filed away ſo as to leave a 
little round pin in the middle of each. Then having laid it over the glaſs, 
along any diameter of the large circle adh e, make two holes in the board 
to receive the pins a, 6; and find the center of this circle upon the long 
plate; and with this center c deſcribe as large a circle as you can, upon 
the glaſs underneath, with a diamond-pointed compaſs; and grind away all 
the margine as far as this circle 5 iE, in a deep tool for grinding eye-glaſſes; 
and then the glaſs will be truly centered. If the pitch or cement be too 
ſoft to keep the glaſs from flipping, while the circle is deſcribing, it may 
be fixt firmer with wax or harder cement. 

809. To ſhew the reaſon of this practice, the 570th figure repreſents a The reaſon of 
ſection of the obje&-glaſs Elm, of the board 46, and of the tubes cd and this practice: 
hi, and of the window-ſhutter 0. Imagine the plane of this ſection, r 
of the ſcheme, to paſs through e, a point in the glaſs which keeps its place 
while the reſt are turning round it, by the motion of the tube; let it alſo 
paſs through / the center of refraction in the glaſs, and cut an object N 

R r the 


a Art, 228. 


b Art. 325. 


To examine 

how well an 
object glaſs is 
centered. 


To place the 
croſs hairs in 
the focus of a 
teleſcope. 
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the line P; then let a pencil of rays flowing from any be collected 


to the focus 4 upon the ſkreen ST; and the points Q,, q will be in a 
ſtraight line de 


Ae cutting: the ſkreen in 7; and while the tube is turning round, the line 


ſcribed by the axis, or principal ray, of the pencil a. Praw 


V will deſcribe a conical ſurface whoſe axis is the fixt line Qef; and 
therefore the focus q or image of the point Q vill deſeribe a circle gx about 


V to be found upon the ſkreen by biſecting the interval qu between the 


higheſt and loweſt points of the circle. Now as F is the center of this cir- 
cle, ſo e is the center of another circle deſcribed by I; therefore by de- 
preſſing the glaſs & /along the ſurface of the board 46 till the image ꝗ falls 
upon the mark 7, the point / will be depreſſed to e the center of motion, 
and then it will be in the axis of the tube, and conſequently equidiſtant 
from the circumference of the circle deſcribed: upon the board ab; and 
here it is plain that the image 9 will be at reſt in the point . 

8 10. It is not neceflary to the accuracy of the practice that the point 
2 ſhould be in the axis of the glaſs. For in fig. 18 1, if the glaſs KLM 


be turned about its axis Q £9, the image p of any collateral point P will 


remain at reſt; becauſe the points P, L are at reſt, and the axis P Lp of 
the oblique pencil is a ſtraight line. 

811. The chief advantage of having a glaſs well centered is this, that 
the rays coming through any given hole or aperture whoſe center coin- 
cides with the axis of the glaſs, will form a diſtincter image, than if that 
center lay beſide the axis; becauſe the aberrations of the rays from the geo- 
metical focus of the pencil, are as the diſtances of their points of inci- 
dence from the center of refractions in the glaſsb. 

812. If the picture be received upon the unpoliſhed fide of a piece of. 
plane glaſs, inſtead of the paper S 7, its motion may be diſcerned more 
accurately by viewing it from behind through a convex eye-glaſs; as in 
a teleſcope where croſs- hairs are uſually ſtrained over a hole put into the 
place of the rough glaſs. Therefore as object-glaſſes are commonly in- 
cluded in cells that ſærew upon the end of the tube, one may examine 
whether they be pretty well centered, by fixing the tube, and by obſerving 
while the cell is unſkrewed whether the halrs keep fixt upon the ſame 
lines of an object ſeen through the teleſcope. 

8 13. In the application of teleſcopes to aftronomical inſtruments and 
many other purpoſes, it is abſolutely neceſſary to fix the plane of the 
croſs hairs exactly upon the plane of the picture of an object; which 
may eaſily be done from a knowledge of the following properties. Firſt 
let the interval between the two convex glaſſes of the teleſcope be adjuſt- 
ed to ſhew an object diſtinctly; and if the hairs appear confuſed, they 
wall ſeem to dance upon the object while the eye moves ſideways ; and in. 
dancing if they ſeem to move the ſame way as the eye does, they lye be- 


bind. che picture of the object, but if they move the. contrary way, 45 
©: 
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lye before it; and muſt be removed accordingly till they appear diſtinct; 
and then they will alſo ſeem fixt upon the object notwithſtanding the mo- 
tion of the eye. Secondly let the interval between the hairs and the eye- 
glaſs be firſt adjuſted, till the hairs appear diſtinct; then if the object ap- 
pears confuſed, it will alſo appear to dance while the eye moves ſideways; 
and in dancing if it moves the ſame way as the eye does, its picture is 
behind the hairs; if the contrary way, its picture is before them: and to 
bring it to the hairs, either the object-glaſs muſt be moved, or elſe the 
hairs and eye-glaſs both together. In both theſe caſes it is the confuſed ob- 
ject (for the hairs may alſo be called fo) that ſeems to move, and the diſtinct 
one to ſtand ſtill ; as in viſton with the naked eye. For to a perſon in mo- 
tion, ſuppoſe he be walking, any object appears fixt that he fixes his eyes 
upon and ſees diſtinctly, while the reſt that are nearer or farther off, ap- 
pear confuſed and in motion; the reaſon of it is too obvious to need an 


explanation. But to ſhew it in the teleſcope, let h be the interſection of Fig. 571 to 
the croſs-hairs, and 55 E a pencil of rays flowing from it; which after 57+ 


refraction through the eye-glaſs eaz, belong to the focus &, either at a 
finite or an infinite diſtance. Draw he, the axis of this pencil, cutting the 
object in Q and its picture in ; and let the emergent rays of the pencil 
qab, flowing from g, cut the emergent rays of the former pencil in the 
(ou P, and belong to the focus 5, either at a finite or an infinite diſtance. 

ow if the eye be placed at any point o in the common axis of theſe pen- 
cils, the points 4,2 will both appear in the ſame direction oe; but if the 
eye be moved ſideways from o to p, the point Q will appear in the dire- 


ction pa, and the point þ in the direction pi. And from hence the rea- Art. 102, 


ſon of the foregoing caſes will be ſufficiently manifeſt, by attending to 
the figures. Laſtly while the focuſes h, q are disjoined, the mutual incli- 
nation of the emergent rays in one . muſt be different from the mu- 
tual inclination of the emergent rays in the other; and ſo the humours of 
the eye cannot be adapted to collect the rays in both pencils to two diſtinct 
points. If one be diſtin& the other will be confuſed and in a different part 
of the retina; (except when the eye is in the axis;) but when the focuſes 
b, q are united, the focuſes &, b of the emergent rays will alſo be united; 
and conſequently the coinciding rays of both pencils will be united in the 
lame — of the retina, wherever the pupil of the eye be placed; and 
or 


therefore the correſponding points of the Object and croſs-hairs will ap- 
pear fixt together without any 8 


814. When the place of the hairs is thus determined, jt may be of uſe The focal di- 
to meaſure their diſtance from the object- glaſs; which is the exacteſt tance thereby 


way of finding its focal diſtance if the object be very remote. And to keep 
this diſtance always the ſame whenever the teleſcope is uſed, it is conve- 
nient to have marks or ſtops at the end of each joint of the tube. For then 
whatever eye- glaſs be applyed, = object and hairs will both * 
| T 2 
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ſtinct at the ſame time, and without parallax. Inſtead of hairs the fineſt 
ſilver wires are now made uſe of, but are ſtill called hairs. 

815. A line drawn from the interſection of the hairs through the cen- 
ter of refractions ® in the object-glaſs, whether it coincides with the 
axis of the glaſs or is inclined to it, is called the line of Collimation or: 
line of fight. Becauſe this line produced falls upon the object in that point, 
whoſe image falls upon the interſection of the hairs: and therefore the 
ſtraight ray that deſcribes this line, anſwers to the viſual ray by which we 
take aim at an object with plain fights. Hence when the object-glaſs and 
hairs are firmly fixed in a ſtrong tube or to a ſtraight ruler, it is manifeſt 
that the line of fight is as immutable with reſpectto the tube, as if two lit= 1 
tle holes or plain ſights were ſubſtituted in the places of the interſection of 
the hairs and of the center of refractions in the object-glaſs. | 

816. In order to ſet the line of ſight parallel to a given line v the 
plane of an inſtrument, the object- glaſs muſt be firmly fixt, and: the ring 
or plate that carries the croſs hairs muſt have two gradual motions in its. 
own plane by two ſkrews at right angles to each other; for by this means. 
the interſection of the hairs may be moved to any given point in that 
plane. Theſe motions are effected by 3 braſs plates laid over one another. 
The uppermoſt, having a circular hole in it, over which the hairs are 
ſtrained, ſlides over the middlemoſt in the direction of an oblong hole cut 
in it, whoſe breadth is ſomewhat greater than that of the hole above it; 
and theſe two together ſlide ſideways over the undermoſt plate in which 
there is a larger oval hole. I ſhall deſeribe ws 60g more particularly 
in a contrary order. On each fide of the oval hole in the middle of the 
plate R laſt mentioned, two braſs ledges m, M are firmly riveted to receive 
the dove-tailed ſides of the plate &; and the contiguous ends of both theſe 
plates are turned up ſquare at b and e; and through a holeb, in the mid- 
dle of the part turned up in the larger plate R, there works a pretty. thick 
ſkrew abc, whoſe fore end c being filed to a neck, goes through a hole 4 
in the lip of the other plate &; and in the end of the neck c there is made 
a ſmall ſkrew-hole to receive a ſkrew- pin q; ſo that by turning the ſkrew 
abc with a kind of a wateh-key, the plate $ is moved backwards or for- 
wards between the ledges n, . The figure T repreſents two more ledges 
o, p that are to be riveted upon the plate S; theſe ledges are part of the 
plate T turned up at right angles to them, in which part there is the like 
contrivance of a ſkrew abcd to move a third plate / between the ledges 
0, p, at right angles to the former motion. The ſilver wires are ſtrained. 
over the hole in the plate / by four ſmall peggs, that fix them in four lit- 
tle holes. The other end of the plate R, oppoſite to the part & that carries 
the ſkrew, is bent ſquare the contrary way to the part 5; or which an- 
{wers the ſame purpoſe, one ledge ef of the plate X bent ſquare, is ri- 
veted to the backſide of the plate R at the end oppoſite to the W 
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and its other ledge gh is ſkrewed to the fide of the tube of the teleſcope; 
and the necks of the ſkrews go through long ſlits in this ledge, to give li- 

berty of placing it accurately at the due diſtance from the object-glaſs: 

and for the purpoſe of letting this braſs work into the tube, two large 

fits muſt be cut in two contiguous fides of it: one of which may beſt be 

covered with a thin piece of horn, to admit the light of a candle upon the 

hairs in obſerving ſmall ſtars in the night time. 
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CHAPTER IV. 


Refification of zeleſeapick fights. 


* 
r Wo — —_ 


817. o make the line of ſight through a moveable teleſc L To rectify the 

g + tel to a given line 7 Z upon a Exe plane; let the — & the ine of fight, 
tube of the teleſcope, whether ſquare or cylindrical, be put through two da 
holes in two ſquare plates abcd, and 725 h, made exactly equal to each 
other, and ſo fixt to the tube that the ſides of the one may be exactly pa- 
rallel to the ſides of the other; which is eaſily done by applying their cor- 
ners a, e to the given line Y'Z and by drawing two lines az, e perpendi- 
cular to it, upon the given e, and by making all the correſponding 
ſides as ab, ef coincide with theſe perpendiculars.. Then obſerve what 
point of a remote object is covered by the interſection of the hairs when 
the corners a, e touch the given line YZ, and likewiſe what other point 
is covered by them when the oppoſite corners c, g touch the ſame line in 
the ſame places, that is when the teleſcope is turned upſide down or half 
round. Then conceiving theſe two points of the object to be connected 
by a ſtraight line, move the croſs-hairs by the two Crews till you judge: 
their interſection biſects that line; and by repeating the ſame practice you 
may ſoon bring the interſection of the hairs to cover one and the ſame. 
point of the object, when the oppolite corners of the ſquares are ſucceſ- 
tively applyed to the line TZ; and then the line of fight will be parallel. 
to it. 

To ſhew the reaſon of this practice, we may ſuppoſe the center of re- Fig- 577. 
fraction in the object-glaſs to be any point / of the — abc d, and the: 
interſection of the hairs to be any point m of the ſquare efgh. Upon the 
plane of the firſt ſquare, and through its center o, draw Jo x, and take o 
equal to a/; alſo upon the plane of the ſecond ſquare, and through its 
center p, draw mp , and take u equal to pm. Joyn Im and Ap, and ſup- 
poling In and xy parallel to the axis op, join n, ny, yz. Then becauſe 
the reſpective ſides about the equal angles mn, up are made on the 
lines m7, yy Oppolite to them are alſo. equal and parallel. Now the paral- 
lel lines 21, po, N produced will fall upon a remote object in 4} aan 
da claſe together as to appear like a ſingle point through the _ 


The applica- 
tion. 
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and conſequently the planes of the parallel triangles Im u, A pr produced 
will cut the ſame object in two parallel lines ſo cloſe together as to appear 
but one line through the teleſcope; and fince the angles m/n, ux, 
are equal, the interſection of the hairs, now at m and then turned half 
round to , will cover two points in that line equidiſtant from the point 
abovementioned, and on oppoſite ſides of it; therefore by removing the 
interſection from n to n, it will appear to biſe& the interval between 
thoſe two points; and then the line of fight 2/ will be parallel to the axis 
po, and to the ſides of the parallelopiped, and alſo to the given line YZ. 
8 18. A teleſcope thus prepared may be uſeful upon ſeveral oocaſions; 
as if it be required to rectify the hairs in a teleſcope fixt to any inſtrument, 
ſo as to ſet the line of ſight parallel to a given line upon the plane of the 
inſtrument. Apply the corners of the ſquares of the teleſcope abovemen- 
tioned to the given line, and obſerving what point of a remote object is 
covered by its croſs hairs, move the croſs hairs of the fixt teleſcope till 
they cover the ſame point of the object, and the buſineſs is done. 
819. But the teleſcopick ſights of quadrants and ſectants, whoſe planes 


of a quadrant, may he readily placed in any given poſture, may be rectified by a plumb- 


Fig. 578, 579. 


* 


line. I will here tranſcribe an account of theſe rectifications from Mr. 
Molyneux s Dioptricks p. 238. © I come now to the rectification of theſe 
ſights on quadrants and ſextants, for taking angles. This may be done either 
before or after the diviſion into degrees, &c. are made on the limb of the 
—_— If it be done before, then we ſuppoſe the teleſcope TL fixt to 
e quadrant, which we ſuppoſe continued a little farther than the fourth 
part of a circle. Chooſing then an object pretty near the horizon; let us 
through the teleſcope, in the uſual poſture of obſervation, and ob- 
ſerve the point in the object marked by the croſs-hairs; and at the ſame 
time we are to note moſt nicely the point c, which the plumb-line fcg, 
hung from the center f of the quadrant, cuts on-the limb. Then we are 
to invert the quadrant into the poſture of fig. 579, (Which is eaſily done 
by the uſual contrivances for managing great quadrants, by toothed ſe- 
micircles and endleſs ſkrews) keeping {till the teleſcope T L nighly up- 
on the ſame height from the ground as before, unleſs the object we look 


at, be ſo far diſtant, that the breadth of the quadrant ſubtends but an in- 


ſenſible angle. Bur yer for certainty, it is better to keep the teleſcope, as 
it is ſaid, upon the ſame height from the floor; then direct the teleſcope 
TL, that the croſs-hairs may cover exactly the ſame point in the object, 
as before in the poſture of fig. 578. And hanging now the plumb-line 2/5 
on the limb of : 6 quadrant; let us remove itto rad fro, till we find out 
the exact point a, from which the plumb-line being hung, ſhall moſt 
nicely hang over the center of the quadrant f. Then carefully marking 
the point a, let us divide the arch c a into two equal parts in 5; and draw- 
ang ½, the point 6 is the point from which we are to begin the _ 
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of the quadrant: and the line of collimation through the teleſcopick 
ſight, ſtands exactly at right angles to the line 5. So that the quadrant 
% being compleated and divided, the ſaid line of fight through the te- 
leſcope runs exquiſitely parallel to the line f 4. | 

820. In the next place, ſuppoſing the quadrant d truly compleated 
and divided; and that we deſigned to fix thereto the teleſcopick fight TL; 
ſo that the line of ſight may run exactly at right angles to the line &f, 
or parallel to the line Af. Weare to do as in the foregoing praxis. And if 
in dividing the arch ac, we find its half exactly coincident with the point 
4, we have our deſire. But if it differs from the point 6, and falls between 
b and d, then the line of collimation through the teleſcope ſtands at an 
obtuſe angle with the line 7; and the inſtrument errs in exceſs: if this. 
half arch fall without 5 and d, then the line of collimation makes an. 
acute angle with the line 27; and the inſtrument errs in defect. And by 
often tryals, we are to remove the croſs-hairs within the tube, ſo much, 
as is requiſite to correct this error. And when we have thus rectiſied them 
to their due place, there they are to be ſtrongly fixt. Or elſe, in obſerva- 
tions taken by this inſtrument, we are to make allowance for this error; 
by ſubtracting from (if it be in exceſs) or by adding to (if it be in defect) 
each obſervation ſo much, as we find the error to be. 

821. The reaſon of this rectification is moſt plain; for it is manifeſt, 
that c fd wants of a full quadrant, as much as d exceeds a quadrant. 
So the difference of the two arches in the two poſtures being ac; half this 
difference bc added in fig. 578, or a6 ſubtracted in fig. 579, makes. bd a 
compleat quadrant. | 

822, If we find aur inſtrument errs in taking angles, and we deſire to- 
know the error more nicely, than perhaps the diviſions of the inſtrument 
it ſelf will ſhew it, we are to do thus. Suppoſing the quadrant bf al- 
ready accurately divided, and that the plumb-line plays over the point 
e; and upon the inverſion of the inſtrument, we find that before we can. 
get it to play exactly over the center , we muſt hang it over the point e 
ſo that the arch eh exceeds bc by the arch ea; it is plain that the angle. 
Fa is the error of the inſtrument: for had the plumb-line hung over a, 
and over the center / in this latter poſture, the inſtrument had been exact; 
becauſe @ is as much on one fide 5, as c is on tlie other fide . Wherefore 
efa being the angle, by which our inſtrument errs in obſervation, let us 
turn the inſtrument into the uſual poſture of obſervation, as in fig. 578- 
and hanging the plumb-line on the center /; let us bring it to play nice- 
ly on the point e, and obſerve what diſtant object is covered by the croſs- 
hairs: then let us hring it to play exactly on the point a, and obſerve like- 
wiſe what diſtant object is pointed at by the teleſcope-hairs. Laſtly, by 
a large teleſcope and micrometer, let us meaſure the angle between theſe 
wo objects, and we ſhall have the angle of error much more nicely, than 


oy 
* 


* 
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it is poſſible the angle ea ſhould be given by the diviſions on the limb of 
the quadrant e a. And thus much for adjuſting a quadrant. 

823. A ſexptant is rectified in like manner; if we conſider that if from 
the center f to the beginning of the diviſions d there be drawn the radius 
Fd; and it be divided equally inc; and from c there be ſupended the 
plumb-line c5: when the plumb-line hangs over the Goth degree at 5; 
then the line fd lies horizontal: and conſequently, if the line of colli- 
mation through the tube be parallel to fd, this line alſo lies horizontal. 
To try which, whilſt the ſextant ſtands in this poſture, obſerve the ob- 
je&t marked by the croſs hairs; then invert the ſextant; and over the 

oint 6 hang the plumb-line ; and when from the point 5 the plumb-line 
rag over the middle point c, then again is the line 74 horizontal in this 

oſture. Mark then, whether the croſs hairs cover the ſame object as 
before; if they do, then the line of collimation is parallel to fd; if they 
do not, but the point in the object marked in this latter poſture be higher 
chan the point marked in the firſt poſture, the inſtrument errs in excels; 
if it be lower, the inſtrument errs in defect. And either we are to remove 
the croſs hairs, till we bring all to rights, and there fix them; or by the 
methods before laid down in the rectification of the quadrant, we are 
2 find the quantity of this erroneous angle, and to allow for it in ob- 
ſervation. 


Reftification 824. In inſtruments furniſhed with two pair of teleſcopick ſights, one 
| . a fixt arm, and the other on a moveable arm (by the ancients termed 


an Alidade); it is eaſy rectifying the fights on the moveable arm thus. 
After the ſights on the fixt arm are rectified by what foregoes; bring the 
index of the moveable arm to the beginning of the diviſions on the limb 
of the inſtrument, be it quadrant or ſextant, &c. it is then manifeſt, that 
the line of collimation through the moveable teleſcope (if it be right) 
ſhould lye parallel to the line of collimation through the fixt teleſcope. 
Obſerve therefore, whether the croſs hairs in both teleſcopes do at the 
ſame time cut the ſame ſtar, or fall on the ſame point in an object diſtant 
three or four miles. If they do, then the moveable teleſcope agreeing with 
the fixt, and the fixt being ſuppoſed rectified to the diviſions on the in- 
ſtrument, the moveable is 2 likewiſe. But if the hairs in the move- 
able teleſcope do not agree in marking the ſame point with the croſs hairs 


in the fixt teleſcope; then the hairs in this moveable teleſcope are to be 


removed (by whatever contrivance there is for that purpoſe) and brought 
to rights, and there fixt. 

825. There are other methods propounded for rectifying teleſcopick- 
fights on other ſorts of inſtruments, by means of obſervations towards the 
zenith, as our former methods have been imployed towards the horizon. 
But it is ſufficient here to lay down only what foregoes, as being of the 

greateſt and moſt frequent uſe: referring for the others to M. Picards 


Trea- 


ö 
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Treatiſe of che e of a degree of a great circle if the Earth, pub- 


liſhed at the end of the Memoirs of @a Natural Hiſtory of Animals &c. by 
the Royal Academy at Paris; tranſlated into Engliſh and printed at Lon- 
don 1688, fol. | 


CA TER V. 
A meridian teleſcope and its uſes. 
826. 


about it in the plane of the meridian, is called a meridian 


teleſcope ab fixt at right angles to an axis cd, and turned A meridiat 
teleſcope 


what. 


teleſcope. The vulgar uſe of it is to correct the motion of a clock or Fig. 581. 


watch, by obſerving day after day the exact time when the ſun or a ſtar 
comes to the meridian, It ſerves alſo for other uſes to be mentioned here- 
after, 

827. The axis cd conſiſts of a ſtrong braſs plate, broader in the mid- 
dle than towards the ends, having another long plate placed edgeways and 
ſoldered along the middle of the backſide of it from one end to the other. 
This plate is alſo broader in the middle than towards the ends to prevent 
its ſpringing. To the ends of theſe plates two folid pieces of braſs are 
firmly jointed and ſoldered; and the whole being placed in a turning 
lathe, the ſolid ends are turned truly cylindrical, to an equal thickneſs, 
and are alſo well ſmoothed and poliſhed with oyl and proper powders. 
Flat upon'the broader plate of the axis, there lyes another braſs plate, in 
the ſhape of a croſs; one bar of it being parallel, and firmly ſkrewed, to 
the axis. The ends of the other bar, being turned up at right angles, have 
ſemicircular notches filed in them, to receive the cylindrical tube of the 
teleſcope 3 which is made of braſs to prevent its warping ; and is firmly 
fixt in theſe notches by two half collars of braſs, which go over the tube 
and are ſkrewed to the ends of the ſemicircular notches; as repreſented in 
the figure. The cylindrical ends of the tranſverſe axis cd, are to be pla- 
ced upon two angular notches, efg and hi &, filed in two thick braſs plates, 
and well planed and poliſhed, for the axis to turn very ſmoothly upon 
them. In order to bring the axis cd exactly perpendicular to the plane of 
the meridian, each of the notched plates are contrived to be moveable by 
a\krew, one upwards or downwards and the other ſide ways; by ſliding 


chem upon the ſurfaces of two other braſs plates immoveably fixt to two 


poſts or freeſtone pillars. 


The teleſco 
and tranſverſe 


axis deſcribed. 


828. In order to move the notched plate /g up or down, two long How the ſup- 
upright flirts þ7 are cut through it; in each of which, at & and J, are two Pore are 


oved 


ſquare ſtuds of braſs, firmly riveted to the fixt back- plate AB; being ex- Fig. 582. 


actly as broad as the ſlits that ſlide by them. In the middle between them 
there is alſo a ſhorter parallel ſlit in, through which a broad headed ſkrew- 


Pin 


. — 9 TR 12 


Spirit level. 


Fig. 581, 583. 
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pin is ſ{krewed into the back-plate, having a round ſpringing plate under 
the headofir; thus the two plates are preſſed together or relaxed; according 
as the notched plate is to be fixt or moved. To perform this motion gra- 
dually, y q repreſents a ſmall piece of another braſs plate, laid 1 the fore- 
plate and riveted to the middle of one of its upright ſides. In the end 5, 
which projects over this ſide, there is a ſmall ſquare notch, which receives 
the circumference of a ſmall circular plate r, like a ſærew- head, fixt 9 40 
dicular to a long ſkrew rst, placed parallel to this upright fide of the 
notched plate. This ſkrew works round in a cencave ſkrew in the middle 
of a thick braſs ſtud at 5, firmly riveted to the back- plate; and being turn- 
ed by a hollow key v, put upon the ſquare end of it, it gradually raiſes or 
depreſſes the notched plate eg. Which is fixt more firmly at its proper 
height by turning the middle Kew at o abovementioned, 

The angular notch that ſupports the other end of the tranſverſe axis is 
moveable ſideways by the ſame contrivance: as will appear by ſuppoſing 
the notch off to be cut in the fide oppoſite. to the ſkrew rst, and this ſide 
to be turned upwards. | 

829. The tranſverſe axis is to be placed horizontal upon the angu- 

lar notches by a ſpirit level; conſiſting of a hollow glaſs tube 37, f or 6 
inches long; not quite ſtraight, but as little incurvated as poſſible ; and 
filled with ſpirit of wine (or any liquor that will not freeze or grow foul) 
all but a bubble of 'air; which by the laws of hydroſtaticks will al- 
ways move to the higheſt place in the cavity of the tube. The tube with 
its convexity upwards, is placed in a long lender braſs box, made fit to 
receive it, and is faſtened in it by very hard cement. This box is laid. 
lengthways upon a long ruler op; and through the. bottom plate of the 
box, a little produced, there paſſes a fine ſkrew-pin 2, to be turned by 
the fingers; whoſe end, by working againſt the ſurfaces of the ruler below, 
gradually raiſes or depreſſes this end of the box, while it turns upon a ſmall 
axis vx near the bottom of the other end of it, X 

Upon the ends of the ruler op two braſs plates og, pr are fixed, whoſe 
planes are perpendicular to the length of the ruler; theſe plates being e- 
qual in length have their upper parts formed into circular hooks 9, r, to 
be hung upon the cylindrical ends of the tranſverſe axis 46; the interval 
between the hooks being of a proper length to interpoſe them between the 
—— of the cylinders at the end of the axis and the braſs notches they 
reſt upon. 

830. The frame por being thus ſuſpended upon the tranſverſe axis, 

raiſe or depreſs the tube of the level by twiſting the knob of the ſkrew 2, 
till you bring either end of the air bubble to reſt at any point o, towards the 


middle of the tube, and obſerve any mark upon the fide of the tube that is 


oppoſite to it. Then take off the frame p0qr, and turning the ends of it 
contrary ways, hang it again uponthe cylinders. And if the air bubble = 
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exactly at the ſame mark as before, the tranſverſe axis is truly horizontal: 


if not, depreſs that end of the axis which lyes on the ſame ſide of the 


mark as the bubble does, or raiſe the oppoſite end, till the bubble returns 
about half way towards the mark. Then having made a new mark where 
it reſts, tranſpoſe the frame again, and repeat the ſame practice till the 
bubble reſts exactly at the ſame point in both poſitions of the frame. In- 
ſtead of making marks, over againſt one end of the bubble, it is better 
to have a fine pointer, ſliding upona wire along the top of the tube. 


831. Let a plane paſling through the axis qr and the mark a, where The reaſon of 


the bubble reſteth, cut the tube of the level in the curve abc; and let a 

line ac drawn parallel to the axis gr, cut off the arch abc, and after the 

frameof the level has been tranſpoſed, the chord ac, of the arch abc will 

{till be ſituated ſome where in the ſame parallel to qr as before, ſuppoſe 

at ay. Now fince the ends of the chords ac, ay are turned contrary ways 

in the ſame line, it is plain that the mark a, which was the higheſt point 
inthearch ac6, being now tranſpoſed to a, is become the loweſt point of 
the ſame arch in the ſituation ay. Therefore the bubble cannot now re- 
main at the mark a, but will aſcend to the higheſt point of the arch 4&6 

which will be 9, if the arch be circular. For then the tangents ad, yI to 
the points a and yy will be parallel to each other; and ad being horizon- 

tal, yd will be ſo too; and conſequently y will be the higheſt point. Let 

, drawn parallel to the axis or to ay, touch the arch ag 5 in g; and it 
is evident the point g will be lower than . Therefore by deprefling that 
end of the axis qr, which lyes on the ſame ſide of the mark a as the bub- 
ble does at , the point ꝙ will alſo be depreſſed; and fo the bubble will 
recede from y towards the mark a till it comes to g, when g becomes the 
higheſt point; that is when the tangent 5 and the axis qr are parallel 
to the horizon: and then if the frame gopr be tranſpoſed back again, the 
bubble will reſt at the ſame point Þ as before. Now if the arches abe, 
a By be circular, & and g are exactly the middle points of the arches. But 
if the arches be not circular, the points & and g will not be in the mid- 
dle, yet being at the greateſt diſtance from the chords ac, ay, they will be 
the points where the bubble will reſt when the axis is horizontal. 

832. It muſt be obſerved of theſe levels fo ſuſpended, that if you gen- 
tly turn the frame about the axis of ſuſpenſion, the air bubble will fre- 
quently change its place though the ſupporters of the axis keep fixt; ei- 
ther becauſe the plane of the curvity of the tube is not parallel to the axis, 
or becauſe the cavity of it is not cylindrical, or upon both accounts. It is 
therefore neceflary to reduce the plane of the frame as nearly to the fame 
vertical poſition as poſſible, which may be done either by a plumbet hang- 
ing down by the fide of a icularruler fixt to the horizontal one op 
in fig. 583.3 or by another tube of a ſpirit level fixt upon the ruler op at 
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right angles to it. But if the frame pogr vibrates freely upon the axis, 
this additional apparatus will be needleſs. 

833. If the far end of the teleſcope be juſt made to preponderate, the ele- 
vation of it, for obſerving the appulſes of ſtars to the crofs hairs, may be 
gradually altered by a ſtring, tied to its near end, and wound about a pegg 
fixt below the teleſcope. The pegg may be made to turn with a proper 
degree of ſtifneſs between two femicircular notches preſſed gently toge- 
ther by a ſærew- pin paſſing through both the pieces. Or the fame-defign 
may be executed ſeveral other ways. 

834. If after the teleſcope is turned upſide down, and the contrary 
ends of the tranſverſe axis are placed upon the ſame notches, you perceive- 
that the ſame point of the object is covered by the interſection of the hairs 
in the focus ks teleſcope ;- it is certain that the line of ſight ? is per- 
pendicular to the tranſverſe axis. But if the interſection covers a different 
point of the object, the hairs muſt be moved by the key abovementioned, 
till they appear to biſect the line that joined thoſe two points of the ob- 
ject as near as you can judge; then by reverting the teleſcope to its for- 
mer poſition you will find whether the hairs be exactly adjuſted. 

835. For let the line cd be the tranſverſe axis which the teleſcope turns 
about, à the interſection of the croſs hairs, & the center of the refractions 
in the object-glaſs, and 40 the line of ſight. Let 46. produced meet a re- 
mote object in e; and the point e will appear in che teleſcope to be cover- 
ed by the interſection a, becauſe the image of it falls upon a. Imagine a 
line gh drawn through the center 5. to cut the axis cd at right angles in f; 
the hair aa in g and the object ee in þ; and when the ends of the axis cd are 
tranſpoſed by reverting the teleſcope, the perpendicular g will keep its 
pony, (or be parallel to it,) but 4 a will be tranſpoſed into the poſition 

a equally inclined to the contrary fide of the perpendicular 27g. Pro- 
duce ab till it meets the remote object in e, and the croſs Hairs at 4 
will now appear to cover the point e. But the perpendicular gh bi- 
{es the interval ein h. Therefore by moving the interſection of rhe 
croſs hairs from a towards g, till you perceive the middle point h is cover- 
ed by it, it is manifeſt that the line of ſight is now perpendicular to the 
tranſverſe axis cd; and conſequently upon reverting the teleſcope the 
fame point h; will be covered as before. Hitherto have ſuppeſed the te- 
leſcope to be turned about an axis cd lying in the ſame plane with the line 
of fight; but if it turns about any other line parallel to c d, it is eaſy to un- 
derſtand that the motion of the line g bh will {till deſcribe a plane perpen- 
dicular to this tranſverſe axis. It is ſcarce neceſſary to be obſerved that 
the perpendicularity of the line of fight to the tranſverſe axis, has no de- 
pendence upon its paſſing through the middle of the aperture of the ob- 

ject-glaſs, nor of being parallel to the ſides of the tube; nor is it required 
cpincide with the ax of the dec SS. 7 
22 
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836. To adjuſt the roy of a clock, it is not neceſſary that the fine To reftify e 


of ſight through the te 
deſcribesthe ſame vertical circle at every tranſit of a ſtar, it is ſufficient. For 
the intervals of time between the ſucceſſive appulſes of a fixt ſtar to the 

fame vertical, are equalto the intervals between its appulſestothe meridian.. 
But leaſt the uncertainty of the air's refraction ſnould cauſe any difference 
in the times, it is better to have the vertical circle near the meridian ; and: 
to obſerve a ſtar near the equator, becauſe its tranſit is quicker. Now the 
line of fight may be kept in the ſame vertical circle at every obſervation; 
by examining the level of the tranſverſe axis every time; and by obſerv- 

ing alſo whether the croſs hairs always cover the fame mark upon a di- 

ſtant object, which in the night time muſt be illuminated by a lantern: 


For then the line of ſight will deſcribe the ſame vertical, notwithſtanding 


any warping of the materials or even of the building to which it is fixt. 
Now we learn from aftronomy that the period of the cloek will be exact- 
ly equal to a ſolar day of a mean length, if the fame fixt ſtar comes to the 
croſs hairs 3 minutes 56 ſeconds ſooner every ſubſequent night than the 
night before it. For the intervalof time between the apparent appulſes of 
a fixt ſtar to the ſame point of the heavens, is the ſame as the period of 
the earth's motion about its axis, which is called a ſidereab day and is 30, 
56“ ſhorter than a ſolar day of a mean length; I ſay of a mean length, 
becauſe ſolar days, or the intervals between the ſun's appulſes to the meri- 
dian, are unequal. But the error in the clock's period will be diſcovered 
more exactly by comparing two remote obſervations rather than two fuc- 
ceſſive ones. For example ſuppoſe a ſtar comes to the crofs hairs at 9b. 
30'. 18” by the clock, and ſeven days after at 8h. 500. 24” by the clock; 
the difference of theſe times is 39'. 54, and a ſeventh part of it is 5". 42"; 
which ſhews that the diurnal period of the clock is 5. 42 longer than 
a ſidereal day; whereas a ſolar day of a mean length is but 3. 56” longer; 
and by conſequence the diurnal period of the clock is 1. 46” too long. 


837. Mr. Huygens preſcribes a way of obſerving theſe tranſits of ſtars Without a be. 


eſcope ſhould deſcribe the meridian. If it always erg 


ot a 


even without a teleſcope; by chooſing a proper place from whence you “pe. 


may ſee ſeveral of them inftantly diſappear in paſſing behind high builds - 


ings; and by fixing a plate with a hole in it, to look through, of the big- 
neſs of the pupil; in order to bring it always to the fame point. 
838, It the meridian teleſcope be placed without doors, or ſo near the 


a Horol. Of- 
cil. p. 13. 


roof of a houſe, as to have a proſpect both to the north and ſouth part of To find the - 
the meridian, through a flit cut in the roof; it may be brought exactly merdian. 


into the plane of the meridian by obſerving the tranſits of the cireum- 
polar. ſtars both above and below the pole. For the tranſverſe axis being 
placed horizontal as before, if the vertical circle deſcribed by the line of 
fight coincides with the meridian, it will biſe& the polar circles deſcribed 


by the ſtars; if not, it will divide them into two. unequal parts, „ 
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then obſerved by the clock the times of a ſtar's N to the under and 
upper parts of the vertical deſcribed by the line of ſight; according as the 
time which the ſtar takes in deſcribing the eaſtern part of its orbit, is found 
tobe longer or ſhorter than the time of deſcribing the weſtern part, it is plain 
that the teleſcope points weſtward from the meridian in the former caſe, 
and eaſtward in the latter; and mult be altered accordingly till thoſe times 
come out equal. When the meridian is thus found a mark muſt be made 
upon a point of a diſtant object then covered by the croſs hairs. And at all 
times after, when any obſervation is to be made of a tranſit over the me- 
ridian, the line of ſight muſt be examined by this mark, and the croſs 
hairs muſt be brought to cover it ; the tranſverſe axis being firſt examined 
and corrected by the level. 
To find the 839. The meridian line being thus determined, the apparent time of 
apparent time. the day is ſoon found, by obſerving the ſun's tranſit over the meridian; 
that is by noting the times by the clock when the precedent and the ſub- 
{quent edges of his body come to the croſs hairs. For then the middle 
time between them is known by the clock; and its diſtance from XII ſhews 
how much the clock is faſter or ſlower than the apparent time for that day. 
The apparent time being found, the true time will alſo be known, by con- 
| ſulting an Equation Table. 

And —_ 840. By the ſame inſtrument the aſcenſional differences of any objects 
<-o6oC and in the heavens may be found moſt accurately, by taking the times of their 
declination. tranſits over the croſs hairs, and by converting the intervals of time into the 
correſponding arches of the equator. The differences of declination of two 
ſuch objects as will paſs over the aperture of the teleſcope when fixt, may 
alſo be found by the oblique hairs or by the inclinedplates hereafter men- 
tioned: and for theſe purpoſes it is more expedtious to uſe a clock whoſe 

period is adjuſted to a ſidereal day. N 
For night-obſervations it is neceſſary to illuminate the croſs hairs by 
the light of a candle tranſmitted through a piece of horn fixt in a hole 
made in the fide of the teleſcope. And to give the teleſcope a proper ele- 
votion in the day time for taking a known ſtar into its aperture, it is con- 
venient to have a ſmall ſemicircle, fixt in the plane of the meridian, to 
one of the pillars that ſupports the tranſverſe axis; having its center in a 
point of the axis, and a radius fixt to the axis, or ſome index fixt to the 

teleſcope, that ſhall ſhew the degrees of its elevation pretty nearly. 

Dimenfions of <84.1. Our great aſtronomer Dr. Halley, before he was provided with 
3 a Mural Arch, hereafter deſcribed; made all his obſervations of the moon's 
; right aſcenſions with an inſtrument of this ſort. His teleſcope is 5 + foot 
long; and the tranſverſe axis is about an ell long; being ſurrounded with 
light braces of braſs, to keep it from ſpringing, and ſupported upon two 
freeſtone pillars, erected upon a very large ſtone laid deep inthe ground. 
x [Nevertheleſs a good teleſcope only 2 4 or 3 foot long is * 
Ye 
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obſerving tranfits to the exactneſs of a ſecond of time; and the tranſverſe 
axis need not exceed 2 foot, eſpecially'if the ſpirit level be accurate. 

842. If any one deſires to know ta what degree of exactnefs the tranſ- To examine 
verſe axis is placed horizontal by the level, let him lay the bottom of the ene d 
ruler op, which-ſupportsthe level, along the top of the teleſcope; and tye Fig. 581, 583 
them faſt together with ſtrings; then let him gradually move the teleſcope 
about the tranſverſe axis, by turning the pegg abovementioned?, till one a Art. 833. 
end of the bubble is ſituated exactly over againſt a fine point near the mid- 
dle of the tube; then let him obſerve through the teleſcope what mark 
upon a remote object is-covered by the croſs hairs. This being noted let him 
return to the air bubble, and turn the pegg again, but no more than is. 
juſt neceſſary to cauſe the leaſt ſenfible remove ofthe bubble from the mark; 
then let him obſerve through the teleſcope what other mark on the ob- 
ject is now covered by the croſs hairs; and let the angle ſubtended at the 
object- glaſs, by the interval of the two marks, be computed; or be meaſured. 
by a micrometer hereafter deſcribed; and this will be the leaſt ſenſible 
error of the level, and conſequently of the tranſverſe axis levelled by it. 

843. By the ſame method one may determine what part of a long tube How to chooſe 
is the beſt for making a ſpirit level; by fixing the tube along the ſide of ary _ 
the teleſcope, firſt with one ſide uppermoſt and then another; till you find 5 
in what fide and in what part of that fide the motion of the air bubble is 
the greateſt, with reſpe& to a given motion of the teleſcope obſerved as 
above by the croſs hairs If the air bubble has no adheſion to the tube, but 
moves as freely as the ball of a plumber, it is eaſy to underſtand that a ſpi- 
rit level will diſtinguiſh a ſmall inclination to the fame accuracy as a 
plumb line, whoſe length is equal to the radius of the curvity of the tube: 

For if ach d be a ſphere filled with water, and an air bubble be ſuppoſed pig. 587. 
at the upper end a of any diameter 46, and a round globule of lead be ſup- 

poſed at its lower end; the bubble and the globule will deſcribe equal ar- 

ches about the center e in their paſſage from the oblique diameter 46 to 

the vertical one cd: and for a given inclination of a6 to cd, the arches. 

ac, bd are proportionable to their radius ae or eb. 


CHAPTER VI. 


Telſeopick Inflruments for finding time, by obferving when the * A 
fun or any Rar has equal altitudes on each fide of the me- | 


ridian. 


844. W HEN Sir Iſaac Newton made a preſent, to our Obſervatory | 
at Trinity College in Cambridge, of an excellent pendulum 

clock; that great mathematician Mr. Roger Cotes, my worthy predeceſ- 

for, contrived an inſtrument of ſmall expence, but very accurate, to ſer | 

160 it. 


T 


Mr. Cotes's 
inſtrument, 


Fig. 588. 
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it by, and to adjuſt its motion; by finding the times by the clock it ſelf 


when the ſun or any ſtar has equal altitudes before and after its paſſuge 


over the meridian. He alſo ſent the following deſcription of his inſtru. 


ment to Sir 1/aac Newton. © AB is a ſtrong wooden axis about fix feet 
in length; CD and DE on one fide, EF and FG on the other, are pieces 
framed to each other and te the axis as firmly as was poſſible. Into the 


1 C'D, and at the angle F, were fixed ſtrong wooden pins nearly paral- 


el to each other, and perpendicular to the plane CD EFG. P is the 
cylindrical braſs tube of a five foot teleſcope; (belonging to our ſextant; 
this was well faſtened with iron ſtaples and {krews to the piece of wood 
TK ML, whoſe under plane ſurface is here 1 as objected to view. 
Into this ſurface there was perpendicularly fixed a ſtrong wooden pin M, 
which was deſigned to hang the upper end of the teleſcope upon any of the 
pins in CD, whilſt its lower end reſted upon the pin F. Now that the tele- 
ſcope might be taken off, and yet afterwards be again placed accurately 
in the ſame poſition, I ordered the edges IK and CD which touch each 


other, to be rounded like the ſurface of a cylinder, as alſo the edge E 
into which the pin F was fixed, and againſt which the cylindrical tube 
-of the teleſcope reſted.; ſo that the contact in both places might be made 


in a point. Upon the ſame account the pins in CD were made a little 
hollow as is repreſented at R; and the pin F was a fruſtrum of a cone, 
that thereby the teleſcope might more ſurely touch the edges C D and EF. 
Into the two ends of the wooden axis were ſtrongly fixed two pieces of 
well tempered ſteel, that at the upper end A was a cylinder well turned, 
which moved in a collar whoſe cavity, repreſented by 8, was figured 
like two equal hollow and inverted fruſtrums of cones joined together: 
the lower at B was a cone moving in a conical ſocket of a ſome what lar- 
ger angle. This ſocket had liberty to be moved horizontally, and to be 
fixed in any poſition by two ſkrews, which preſſed againſt it fideways at 
right angles to each other. The inſtrument being thus prepared, I fixed a 
needle V, at the lower end of the wooden axis, whoſe point ſtood out from 
it about an inch; then ſuſpending a fine plumb-line TY from the up- 
per end of the ſame axis, I altered the poſition of the inſtrument by the 
1krews, until the plumb- line came to beat againſt the point of the needle 
2 1 whole revolution of the inſtrument, and there I fixed it as prepared 

u | 

84.5. So far Mr. Cotes. The plumb-line or fine wire TV X was ſuſpend- 
ed by a loop J upon a braſs pin that ſkrewed into the top of the axis 
AB} a nick being filed round the pin to ſtay the loop from Hiding out of 


it. Then by ſkrewing the pin in or out, the plumb- line was brought to 
the ſame diſtance from the axis AB as the point of the needle is at /: 
which was fixt in the end of a thick wooden pin V not in the axis of it, 
hut towards one fide; ſo that by turning the pin round it ſelf, in 8 
c 


cuAP. 6. FOR FINDING TIME. 229 


bored through the axis AB, the needle's point might deſcribe a ſmall cir- 
cle and be brought to touch the plumb-line when parallel to the axis of 
motion of the wood AB. | 

846. The Right Honourable the Earl of Jay, in his noble collection of 7, 
inſtruments, has a very excellent one of this kind, for taking equal alti- me 


trades, made all of braſs except a ſquare ſteel axis ab 30 inches in length. Fis. 589. 


To one fide of the 1 part of this axis, there is fixt a ſmall ſextantal 
arch cd repreſented ſeparately at E; its center @ being at the top of the 
axis ab, The teleſcope MN is alſo 30 inches long, and is fixt along the dia- 
meter of a ſemicircle of the ſame radius as the ſextant and concentrick 
to it. The teleſcope with the ſemicircle being moveable about this center 
upon the plane of the fixt ſextant ac d, may be faſtened to it in any ele- 
vation by two nuts and ſkrews c, d, fixt in the ends of the ſextantal arch; 
a circular ſlit being made all along the limb of the ſemicircle for theſe 
ſkrew pins to ſlide in. Cloſe under theſe arches, the axis 46 is ſurround- 
ed by. ſhort cylinder e, about an inch in diameter, well turned and po- 
liſhed. The lower end of the axis is formed into a fine conical point b. The 
frame in which the axis turns, is a long hollow parallelopiped wanting 
two ſides. Its other ſides f, g are two braſs plates, equal in length to the 
part be of the axis, and are ſkrewed together edgeways. It has for its ba- 
ſes two equal plates h, i, 4 inches ſquare. In the middle of the upper 
ſquare there is a round hole, large enough to receive the cylinder e wich- 
out touching it; and over this hole is fixt a triangular hole in another 
plate, one of whole ſides is moveable by a ſkrew, to make all the ſides 
of the triangle touch the cylinder. Upon the lower ſquare there lyes a 
ſmaller plate i, with a fine center hole in it, to receive the point þ of the 
axis. This center plate is moveable ſideways by two ſkrews at right an- 
gles to each other, which, when the frame is firmly fixt into a nitch of 
a free-ſtone pillar, will bring the axis a6 exactly perpendicular to the 
horizon. This poſition is known by a ſpirit level Im fixt at right angles 
to the axis, above the cylinder, upon the fide oppoſite to the ſemicircle. 
Along the top of the level there is a ſliding pointer, to be ſet to the end 
of the air- bubble; and when the poſition of the axis is ſo adjuſted by the 
ikrews below, that the air-bubble keeps to the pointer for a whole revo- 
lution of the inſtrument, the axis 45 is certainly perpendicular to the 
horizon; and then the line of fight through the teleſcope deſcribes a cir- 
cle of equal altitudes in the heavens. There are ſeveral of theſe circles 
deſcribed in the heavens even when the teleſcope is fixt to the ſextantal 
arch. For the round hole in its focus, has five wires parallel to thehorizon, 
at equal intervals from one another as at ; and they are croſſed at right 
angles in the middle by two other upright wires at a ſmall diſtance from 
each other, The deſign of ſo many wires, is to obſerve when the ſame 


ſtar is ſucceſſively covered by every one of the 5, both in the eaſt and 


4 | 
TELESCOPICE INSTRUMENTS BOOK. 3. 


that the time of its paſſage over the meridian may be had more 
#&curately, by taking a medium among all the obſervations. The diſtan- 
ces between the five wires need be no greater than to afford time enough 
rite down the ſeveral obſervations, which muſt be taken when the 
ſtar1s between the perpendicular wires. | 6:5 
Uſes of theſe 847. Time ſhewn by a clock may be called mechanical, to diſtinguiſh 
inſtruments. jt from ſolar and ſidereal time. 
848. By obſerving when a ſtar has equal altitudes before and after its 
culmination or appulſe to the meridian, we have the mechanical time of 
its culmination. Then by ſubſtracting the ſun's right aſcenſion computed: 
to this mechanical time, from the ſtars right aſcenſion determined for 
the ſame time, we have the ſolar time of the ſtars culmination, and con- 
ſequently the difference between the mechanical and ſolar times. 
849. Thus by finding the mechanical times, when the ſame ſtar cul. 
* minates any two nights, rather at a diſtance from each other than ſuc- 
| ceſſive, we have the difference between. a ſidereal day and a mechanical 
day; and conſequently between a mechanical day and a ſolar day of a. 
mean length. 
Hence any number of mechanical minutes may be converted into ſolar, 
\ or into ſidereal minutes by the rule of three. 
| Theſe obſervations will anſwer. the purpoſe the more exactly as the ſtar 
! is nearer to the prime vertical; becauſe the variation of its altitude is here 
; greater in a given time, than if it were ſituated in any other vertical ob- 
| | lique to the meridian. In the latitude of 50 degrees an error of one mi- 
| nute in altitude, at any point of the prime vertical, will cauſe an error of 
6 4 ſeconds in time; and in the latitude of 55 degrees it will cauſe an er- 
ror of near 7 ſeconds ; as that excellent geometer Mr. Cotes has ſhewn,, 
in his Treatiſe concerning the Eſftimation and Limits of Errors in mixt 
mathematicks, which I publiſhed at the end of his admirable Book: 
called Harmonia Menſurarum. It is alſo the ſafeſt to chooſe a ſtar as high 
as poſſible, leaſt a different ſtate of the atmoſphere ſhould cauſe a diffe- 
rent refraction of the viſual rays, and conſequently an error in the times of: 
obſervation. | 
850. The ſolar time may alſo be found by obſerving when the ſun: 
himſelf has equal altitudes in the morning and evening; if we correct 
the time of the latter obſervation by a juſt allowance for the variation of: 
the ſun's declination, as follows. Upon a celeſtial globe let the pole be at P; 
the vertex of the obſerver's place at /; the complement XA its latitude: 
PL; its meridian PVBG; a circle of equal altitudes A BCD, deſcribed: 
about its pole V, and paſſing through the ſun's center at Aat the time of 
the morning obſervation, and through it at D at the time of the even- 
ing obſervation; two circles of declination, PAF, P DI, cutting the 
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the circle PD in E, and ABD in C; three equal vertical arches YA, 
VC, VN; and laſtly a third circle of declination P CH cutting the equator 
in H. Now had not the ſun varied his declination, from A or Eto D; in 
the evening he would have had the fame altitude at Cas in reality he has 
at D. And then as the angles PC, VPA would have been equal, ſo the 
times of the evening and morning obſervations would alſo have been equi- 
diſtant from noon ; being meaſured by thoſe angles or by the arches G F, 
GH. Therefore the angle CPD or the arch IH, which meaſures it, is 
alſo the meaſure of a portion of time to be ſubſtracted from the evening 
obſervation, if the ſun's declination varies northwards, otherwiſe to be 
added, to give the time ſought equidiſtant from noon. Let another circle 
of declination P biſe& the ſmall angle HP, and conſequently the 
ſmall arches CD and Hl in æ and J. Draw the vertical arch 27; and in 
the triangle E PV, we have given, PY the complement of the latitude, 
and Pæ half the ſum of the given complements, PC or PA and PD, of 
the ſun's declinations at the times of the two obſervations, and laſtly the 
included angle # PY, by converting half the interval of time between the 
obſervations into degrees and minutes. Hence by trigonometry we have 
the angle PV, of an intermediate magnitude between PCV and PDV, 
and therefore fitter to be uſed inſtead of either of them, Hencealſo we ſhall 
have the arch IH; by taking it in proportion to DE the difference of the 
declinations, as the co-tangent of the angle PCV, to the ſine of the arch PC 
or PE. For IH is to DE ina ratio compounded of IH to CE and of CE 
to DE, that is of the radius to the ſine of the arch PC, and of the co-tan- 
gent of the angle DOE or PC to the radius: as appears by raking away 
the common angle DC from the right angles ECP and DCV and by 
conſidering the ſmall triangle D CE, right angled at E, as if it was rectili- 
near. The calculation ſuppoſes the ſun's center has equal altitudes at Aand 
D; whichis agreeable to the obſervations that determine when his upper 
or his under limb has equal altitudes. I have drawn out this method of 
compuration from Theorem. 23. of Mr. Cotes's Treatiſe upon the Efti- 
mation of Errors. | 

851, Theſe are the beſt fort of inſtruments and the beſt methods I 
know of for determining time ; however thoſe that are deſirous of know- 
ing a greater variety of them and of fuller inſtructions in relation to them, 
may receive ſatisfaction by conſulting Mr. William Molyneux's little book 
upon his Teleſcopick Dial printed at London in 4to, 170 
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| CH A PTER VII. 


The Mural Arch in the Royal Obſervatory at Greenwich 
deſcribed. 


Fraface, $52. (INCE the meaſure of time by pendulum-clocks, and conſe- 
quently of the apparent diurnal motion of the heavens, has of 
late been brought to the utmoſt perfection, Aſtronomers are agreed that. 
a large quadrant (with a teleſcopick ſight) fixt in the plane of the meri- 
dian to a free-ſtone wall, and thence called a Mural Arch, is by far the 
moſt accurate, expeditious and commodious inſtrument of all others for 
the chief purpoſes in aſtronomy. For by obſerving the times by the 
clock of the appulſes of any objects in the heavens to the plane of the me- 
ridian, we have their right aſcenſions; and by their meridian altitudes 
obſerved at the ſame times, (the latitude of the place being once deter- 
mined,) we have alſo their declinations; and by conſequence their places 
in the heavens. Thus by a good inſtrument of this kind, a Catalogue of 
the places of the fixt ſtars, may be made in leſs than a tenth part. of the 
time, and with much greater certainty and exactneſs than by the beſt 
moveable quadrant or ſextant, as might eaſily be ſhewn ; not to mention 
the ſaving an immenſe labour in trigonometrical calculations. I think 
the noble Tycho Brahe was the firſt Aſtronomer that uſed a mural arch, 
for taking meridian altitudes ; but he could not determine right aſcen- 
fions ſo accurately as now, for want of the late improvements in pendu- 
lum-clocks. After him, Hevelius, Flamſteed and ochers made uſe of the 
like inſtruments, whoſe deſcriptions may be ſeen in weir printed works; 
but I paſs them all over as being far inferior to this at Greenwich: the ex- 
nce of which was defrayed by the bounty of his late Majeſty Kin 
EORGE the firſt; and the particular accuracy, whereby it excels alf 
others, is owing to the extraordinary {kill and contrivance of Mr. George 
Grabam Watch-maker in Fleet Street and F. R. S.; who beſides the A. 
rection of the whole deſign, and inſpection of the inferior workmen, was 
pleaſed to perform the diviſions of the arch and all the nicer parts of the 
work with his own hands; and to him I am highly obliged for inform- 
ing me in the methods he took to perform it. How far the tables of the 
moon's motion are corrected by an incredible number of obſervations 
made with this noble inſtrument by our Royal Aſtronomer Dr. Halley, 
and how near they are brought to ſufficient exactneſs for finding the Lon- 
gitude at Sea, ſhall be related in the philoſophical diſcourſes of the next 
book. At preſent I proceed to a deſcription of the inſtrument. _ 
Diſpoſition of 853. Excepting the circular limb, the quadrant is chiefly compoſed. 


the iron bars. 3 > 
Fiz. co1,59, af Kraight iron bars, joined together, as repreſented. in the 591 Lag! 
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92d figures. The breadth of every bar is 2 inches and g tenths and its 
thickneſs 1 tenth and 4 nearly. In ſpeaking of the diſpoſition of theſe 
bars, thoſe whoſe planes compoſe the plane of the quadrant, I ſhall call 
flat bars; and thoſe, whoſe planes are perpendicular to the former, I 
ſhall call perpendicular bars. The lines in fig. 591 repreſent the diſpo- 
fition of all the flat bars, and thoſe in fig. 592 repreſent the diſpo- 
fition of all the perpendicular bars, placed behind the flat ones; and are 
only to be ſeen on the back fide of the quadrant; The chief deſign in this 
diſpoſition of both ſorts of bars, is to ſecure the figure and plane of the 
quadrant from any alterations that may be cauſed, either by the weight. 
of the materials, or by their ſwelling or ſhrinking by the weather, or by 
the motion of the teleſcope about the center of the quadrant, or by any 
accident whatever. The whole fabrick is farther ſtrengthened by a great 
number of ſhort iron plates or pieces of the like bars, bent to a right an- 
gle, and placed behind the quadrant in the angles made by the flat and 
perpendicular bars, and riveted to them both. Their number and places, 
where they are riveted, are repreſented in the 592d figure, by the ſmall 
parallelograms adjoining to the lines: and to make more room for the. 
rivets, the edge of each perpendicular bar does not divide the breadth of 
the flat bar in the middle, but in the ratio of 2 to 1 ; and the little plates 
are riveted on the broader fide. The black thickenings of the lines at their 
interſections in the 592d figure, repreſent little plates of iron, bent in 
right angles, and riveted in the angles made by the interſections of the 
perpendicular bars. At the circumference of the quadrant there is alſo a 
perpendicula bar, bent cireular, and faſtened all along the middle of the 


breadth of the limb or fas arch of the quadrant, by a ſufficient number of 
the little plates we have been ſpeaking of. | | 


854. The limb of thequadrant is eompoſed of two quadrantal arches, StmAure ot 
of the ſame length, breadth, and thickneſs; one of iron, the other of braſs the limb. 


laid over it. The breadth of each is 3 inches and 4, tenths, and the com- 
mon part of their breadths, where they lye doubled one over the other 
and are riveted together, is 2 inches and 2 tenths, the braſs limb being 
remoter from the center than the iron one by an inch and 2 tenths. The 


limb was reduced to a true plane as follows. In the 593d figure, 46 do pig. 593. 


repreſents the quadrant, placed. very firm upon a level 28 with its 
braſs limb lying upwards; and Im repreſents an axis made of iron, pla- 
ced perpendicular to the plane of the quadrant, and pointing to its cen- 
ter ; mn is an arm of iron, equal in length to the radius of the qua- 
drant, and fixt at right angles to the bottom of the axis Im; to the end of 
this arm an iron ſcraper ap was fixt directly over the braſs limb; and be- 
ing firmly ſupported by the arm and its braces, was turned about the 
2x18 Im, till by ſcraping the braſs, it reduced its ſurface to a perfect plane; 

care 


Dre iſion of 
the limb. 
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care being taken that the edge of the ſcraper was exactly perpendicular 
to the axis of its motion. 

855. There are two arches ſtruck upon the braſs limb; one with a 
radius of 8 foot, or more exactly of 96, 85 inches; and the other, with 
a radius of 95, 8 inches. This inner arch is divided into degrees, and 
12th parts of a degree; and the outward arch, into 96 equal parts, which 
are ſeverally ſubdivided into 16 equal parts. The beam of the compa 
which ſtruck theſe arches, was ſecured from bending by ſeveral braces 
faſtened to it; and when an arch was ſtruck, 60 degrees of it was deter- 


mined by placing one point of the compaſs at a and by making a ſtroke 
with the other at 5. This arch 46, was biſected in c by drawing two 


ſmall arches upon the centers à and 6, with ſuch a radius as to croſs the 


arch ach, in two points as near together as poſſible without touching 


each other; then the ſmall interval between them was biſected at c, by 


eſtimation of the eye, aſſiſted by a magnifying glaſs. After this, the 
interval between the points @ and c or c and &, was taken with the beam- 
compaſs, and was transferred from 6 to d, which determined the length 


of the quadrantal arch acbd. Every one of the three arches being biſect- 
ed in the ſame manner, the quadrant became divided into 6 equal parts, 
containing 15 degrees apiece; and every one of theſe was divided into 


three equal parts as follows. To avoid making any falſe or ſuperfluous 


Points in the quadrantal arch, with its radius unaltered, but upon any 
other center, there was ſtruck another faint arch; upon which the chord 
of 15 degrees already found was transferred from the quadrantal arch; 
and the third part of 15 degrees, being determined by trials upon the faint 


arch, was transferred back again upon the quadrantal arch; which then 


was divided into 18 equal parts OP 5 degrees apiece ; and the 5th 


part of: theſe was found by trials, as before in 1 arch, 


drawn upon a new center for this purpoſe only. The ſub- diviſions of the 
degrees into 12 equal parts were made by biſections and triſections as be- 
fore. Thus was the whole quadrant divided without any falſe or ſuper- 
fluous points. 

856. The outward quadrantal arch was divided into 96 equal parts, 


by no other method than that of biſection, till 60 degrees or two thirds of 


the quadrant became divided into 64, and the remaining third into 32, 
equal parts; which make 96 in the whole. And every one of theſe were 
alſo divided into 16 equal parts by continual biſections. Theſe two ſorts 
of diviſions are a check upon each other, being in effect two different qua- 
drants; and the divifions in one being reduced into the diviſions of the 
other, by a table made for that purpoſe, they are never found to differ a- 
bove five or ſix ſeconds in any place of the limb: and when they do, the 
preference ought to be given to the biſected diviſions, as being determin- 
ed. by a ſimpler operation, mel 0 
"Oh fo 


enAr. 7. AT GREENWICH DESCRIBED. 335 


857. The diviſions hitherto mentioned being only very fine points in 
a fine arch 46 d, ſcarce diſcernible by the naked eye; it was neceſſary, as 
uſual, to ſtrike lines perpendicular to the arch, through every one of 
them. But ſince it is very difficult, and tedious too, to draw lines exactly 
through every point by the edge of a ruler, the following method was 
judged more accurate and expeditious. It was propoſed. then to divide Fig. 593. 
any other concentrick arch, Vht, by croſs ftrokes, into ſimilar parts to 
thoſe in the given arch acgebd. Take a ſmall beam compaſs, and having 
once fixt its points at any convenient interval; upon the centers e, g, &c. 
being the given points of the divided arch, ſtrike the ſmall arches fi, h, 
&c, cutting the undivided arch in /, H, &c: then will the intercepted ar- 
ches as Fh, &c. be ſimilar to the arches eg, &c. that is, they will ſubtend 
the ſame angles at their common center o. For joining ef, gh, and alſo 
of, 0h, oe, og, the triangles eof, gob, will be ſimilar and equal to each 
other; every fide in one being reſpectively equal to every fide in the 
other. Therefore by taking away the common angle eo, from the equal 
angles, eof, g 0b, the angles, eog, fob, that remain, will alſo be equal. 

If the triangles ef, g ho, &c, be right angled at F and Y; the dividing. 
ſtrokes 55 4 E, &c. will cut the quadrantal arch J, at right angles alſo, 
at f and h, &c. 

bs In the 594th figure abc d repreſents a ſquare piece of braſs (with The center | 
ſeveral ſteady pins in it) ſkrewed to the flat bars, at the center of the qua- work. 
drant, the 5 holes being ſo large as not to touch the ſkrews; and F. 5908 
Inn repreſents a thick circular plate of braſs, with a hollow pipe fg fixt 
perpendicular to the middle of it ; this plate was turned exactly circular 
ina lathe upon a braſs «rbor oi, turned tapering and a little hollow in the 
middle, ſo as to fit the cavity of the pipe /g, and to bear againſt it chiefly: 
at both ends. When the hollow pipe F7 is put through the hole (exactly 
fit for it) in the middle of the ſquare A d, the braſs circle x IU, is fixt 
to the plane of the ſquare abc d, with ſkrews and fteady pins. The point 

, in the pole of the arbor oi, is not only the center of the circular neck 
inn, about which the teleſcope muſt turn, but alſo the very center up- 
on which the divided arches were ſtruck upon the limb of the quadrant. 
The end of the teleſcope that holds the object-glaſs lies croſs one end of 
an oblong plate of braſs gr, at right angles to its ſides, and is held to the 
plate by a Wo that may be widened and ſtraightened by a ſkrew. To- 
wards the other end of the plate sf, there is a round hole, lined with a ſteck 
collar pqr to be put over the braſs neck æ Im n, and to turn round upon it. 
The ſection of this collar, made perpendicular to the plane of ir, is repre--- 
ſented at z; the broader of the two rings being under the plate sf and con- 
tiguous to the ſquare plate abcd. Over this neck and collar there is fixt 

a braſs ſpring repreſented at v, and ſkrewed to the neck &/mn, to keep 


the collar from ſlipping from it; and over all theſe is ſkrewed a cap _— | 
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ſented at x, to cover the center work, and to keep off the duſt; which | 
is alſo prevented from coming between the plates-abcd and 5? to the 
neck and collar, by means of a braſs hoop ſurrounding the broad rim or 
baſe of the collar pr, and ſkrewed to the backſide of the plate sf ; which 
hoop is received into a circular groove 1, 2, 3, 4 made inthe ſquare plate 
abc d, without touching any part of it. 

The chief excellency of the preſent center work conſiſts in preſervin 
the place of the central point of the quadrantal arch in the pole of the ar- 
bor oi. For whenever the neck- plate I ſhall be wore ſo much as to 
cauſe an unſteady motion of the teleſcope about the center of the qua- 
drant; a new neck- plate and pipe may be caſt, well hammered and turn- 
ed upon the poles of the ſame arbor oi, to fit the hole and collar, and then 
it will carry the teleſcope about the center of the limb, as exactly as when 
all was new. | 

How the qu- 859. The-59gth figure gives a view of the quadrant fixt to the eaſt- 
drant is fixt to ern fide of a free-ſtone wall, built for that purpoſe in the plane of the 
a free-ton®. meridian. The whole weight of the quadrant is ſupported by two ſtrong 
Fig. 595- Won pins fixt to the wall (as hereafter deſcribed) and projecting through 
two holes made in two ſquare plates of iron riveted to the quadrant at a 
and 6, in the 59 iſt figure. The pin at a, which bears the greateſt part of 
the weight, is immoveably fixt in the wall, but the pin at & is moveable 
up or down by a ſtrong ſkrew, in order to bring one fide of the quadrant 
| to an horizontal, and the other to a vertical poſition. LL 203 
Fig 596. The contrivance-for the motion of the pin & is this. In the 596th fi- 
gure Im no repreſents an oblong plate of iron, let into the free-ſtone wall, 
and faſtened to it by bolts of iron, which paſs chrough the wall and 
through another plate let into the oppoſite ſide of it; the bottom of each 
late being bent ſquare and bedded in the ſtone. And e, f, g, G, are the 
ds of 4 iron ſkrews, who thanks going through 4 long ſlits, made 
in another iron plate, repreſented by the ſmaller parallelogram, are ſkrew- 
ed into the fixt plate I mnπν The moveablepin br is fixt to this leſſer plate, 
xwhich is raiſed, or depreſſed by means of a long ſkrew i, working a- 
gainſt the bottom of the pin 5c at , being turned round in a ſtrong con- 
cave ſkrew, fixt to the bottom of the larger plate at pg. The key for 
turning the long ſkrew Ki, is a ſector of a circular plate repreſented at 
rst; the ſquare hole in its center ? being put upon the ſhank K. The 
radius of the key is juſt ſo big as to move in the ſpace between the wall 
and the bars of the quadrant; and a chiſel 71s inſerted into the teeth up- 
on the arch of the key, to give power to the hand that moves it. 
The weight of the quadrant being thus ſupported by the pins a, 6, the 
Plane of it is fixt to the wall and adjuſted in any poſition, by much the 
Aame number of hold-faſts as there are little ſquares round about the 2 
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drant in the 592d figure. Each hold-faſt conſiſts of two ſeparate parts; 
one of them is fixt to the wall, and the other to the quadrant. 

In the $979 figure, ab repreſents the wall ſeen endways, and c, c, ſe- Fig. 595. 
veral hold-faſts fixt into it. Between the chaps of each hold-faſt, repre- 
ſented at d, e, there paſſes one end of a ſmall plate of braſs, whoſe plane is 
parallel to the plane of the quadrant, the other end being bent to a right 
angle and riveted to the perpendicular bars of the quadrant; and each 
plate is pinched by two oppoſite ſcrews 7, 5, that work through the chaps 
d, e; which are made pretty wide for adjuſting the poſition of the plane 
of the quadrant, The intent of the ſkrews in the chaps of the hold-faſt, 
zvas alſo that if the wall or quadrant ſhould ſwell or ſhrink, ſo as to alter 
their proportions, the braſs plates might ſſide without diſtending che in- 
ſtrument. The hold- faſts are not faſtened in the wall with lead, which 
is apt to yield, but with a compoſition made of ſtꝭne-duſt, pitch, and 
brimſtone, or rofin; ſuch as ſtone- cutters uſe for cementing broken 
ſtones. ; 

860. The continuance of the exactneſs of the quadrant depends in a How the tele 
great meaſure upon a free and eaſy motion of the teleſcope found the cen- fonte * 
ter of it; which will be obtained by counterpoiſing the weight of the 
teleſcope, and by caſing the center of the quadrant ef as much of thoſe 
weights as poſſible. For this purpoſe in fig 595, 4b repreſents an iron axis Fis- 595- 
aid croſs the top of the wall ; having two braſs plates fixt perpendicu- 
lar to the ends of it, with notches or holes cut in them for this axis to 
turn in, which points to the center of the quadrant at right angles to its 
plane. To that end of this axis next the quadrant, an iron arm cd is fixt, 
having two braſs plates ce, df almoſt perpendicular to it; to them are 
riveted two ſlender lips of fir, whoſe other ends meet at g, near the eye- 
glaſs; being held together in a braſs cap or ſocket. Through a ſmall plate 

xt to one ſide of a collar, embracing this lower end of the teleſcope, 
there paſſes a ſkrew-pin at g parallel to the 2 z which pin be- | 
ing ſkrewed into the cap at the end of the ſlips, holds up the teleſcope | 
tight againſt the center-work. The flips are ſtrengthened by 5 or 6 croſs | 
braces of the ſame wood, as repreſented in the figure. To the other end 
of the axis ah, another arm hi is fixt parallel to the teleſcope, and in a 
contrary direction, carrying a weight i to counterpoiſe the weight of the 
teleſcope, and make it reſt in any poſition. And for greater eaſe and free- 
dom of its motion, two ſmall braſs rollers are fixt to each fide of it, at & 
and /, which art held tight to the plane of the limb by a plate ſpringing 
againſt its backſide, which plate has alſo a roller at each end of it. 
 Whea the teleſcope is pretty nearly directed to an object whole altitude 
is to be taken, a plate u, which is carried by the teleſcope along the 
limb, and lies croſs it, may be fixt to it by a ſkrew, not here repreſented. 


Then by twiſting the head o of a long — of, which is parallel te the 
FOE 


limb 


The ſub- divi- 
ſions how 
made and 
numbered. 


Fig. 598. 
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limb and which works through a female ſkrew, annexed tothe plate mn, 
and whoſe neck at ↄ turns round in a collar annexed to the teleſcope ; a 
very gradual motion is given to the teleſcope for bringing the croſs hairs 
exactly to cover the object. 5 

861. To avoid the trouble of ſub-dividing the quadrantal arch into 
ſmaller parts, the teleſcope carries a ſmall braſs plate, which ſlides upon 
the limb, and is called a Nonius, from the name of its inventer. To un- 
derſtand the reaſon and uſe of this plate, it is convenient to premiſe the 
following Theorem. If a line af, be divided into any number of equal 
parts, ab, bc, cd, de; and an equal line as be divided into other equal 
parts, af, 6, yd, de, whoſe number is one leſs than the number of parts 
in af; I fay that af, ay, ad, at, will exceed ab, ac, ad, ae; reſpectively 
by one, two, three, four parts of ab, whoſe denominator is the number 
of parts in ae or in de. For let the lines af, a« be coincident at both ends, 
and fince any equimultiples of two quantities 46, 4 E, are in the ſame ra- 
tio as the quantities themſelves ?, it will be as 46:.af8::ac:ay::ad:ad 
: ge: at or af, and disjointly as ab: bÞ: :ac:cy::ad:dd:iac:ecoref. 
The conſequents, 58, cy, do, ee, are therefore in the ſame arithmetical 
progreſſion as the antecedents ab, ac, ad, ae; and the firſt of the conſe- 
quents 51s the ſame part of its antecedent 45, as the laſt conſequent ef 
ts of its antecedent ae, or as a is of at, the number of parts in ae and 
ae being equal by the firſt ſuppoſition. And it is manifeſt that any two 
equal and coincident arches ofa circle have the ſame property. 

862. The upper arch AB repreſents a degree divided into 12 equal 
parts, containing 5 minutes in each; and the under arch CD a goth 
part of the quadrant, divided into 16 equal parts; and EF the Nonius, 
or ſubdividing plate fixt to the teleſcope, and ſliding: with it in the ſpace 
between the arches AB, CD. The degrees and minutes, and alſo thoſe 
96 parts of the quadrant, are numbered from the left hand to the right, 
beginning from the interſections of the vertical radius, in order to mea- 
ſure the diſtances of objects from the zenith; but the parts upon the No- 
nius are numbered the contrary way, beginning from the line oo, called 
the index; which is drawn perpendicular to the ſides of the Nonius at 
the end next the right hand; and the line of fight through the teleſcope 
is fo adjuſted by the croſs hairs in its focus, as to be parallel to the index 
eo produced through the center of the quadrant. In the ſcheme, the No- 
nius E is ſo ſituated, that the upper end of the index oo is not oppoſite. 
to any one ſtroke upon the adjoining arch, but to ſome unknown point 
of a 12th part of a degree, intercepred between 50 and 55 minutes. To 
find the overplus above 50, I obſerve by looking back from the index, 
that a ſtroke of the Nonius, which lies between the numbers 3 and 4 is 
directly oppoſite to a ſtroke upon the adjoining arch; which ſhews chat 


J minutes and a half is to be added to the 5a minutes aforeſaid. K 
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For fince a degree is divided into 12 equal parts, containing 5 minutes 
in each; and ſince the length of the Nonius is made equal to 11 of thoſe 


arts, and is divided into 10 equal parts; it appears by the theorem *, in At. 864. 


counting back again from the coincident ſtrokes to the index, that the 
firſt part of the Nonius exceeds the firſt upon the limb by g of this latter 
part, that is by 2g of 5 minutes, which is half a minute; and by con- 
ſequence that 7 parts of the Nonius, from the coincident ſtrokes to the 
index, exceed the 7 correſponding parts of the arch, by 7 half minutes, 
or 3,300. a 


863. When it happens that no one ſtroke upon the limb is directly Fig. 599- 


oppolite to a ſtroke upon the Nonius, then look for that ſingle part of 
the limb, which is ſo oppoſed to a ſingle part upon the Nonius, as to be 
exceeded by it at both ends; as repreſented in the parts G and H. Then 
if by eſtimation of the eye, this part of the Nonius exceeds the part of 
the limb equally at each end, allow 15" more than if they had coincided 
at their ends next the index; and according as the exceſs next the index 
is judged to be one third, one half, double or treble of the other exceſs, 
allow 7 =”, 10", 20”, 22 4, reſpectively. For ſince the ſum of the two ex- 
ceſſes is always the ſame, and anſwers to 30", (as is plain when one of 
them is diminiſhed to nothing,) the number of ſeconds to be added will 
_ be to 300, as the excels next the index, is to the ſum of the two 
exceſſes. 

864. The lower arch of the Nonius is divided into 16 equal parts, 
and is equal in length to 17 equal parts upon the oppoſite arch, and con- 
ſequently will determine 16th parts of any one of them, by the theorem 
and the method abovementioned. In the preſent ſcheme the oppoſite 
ſtrokes of the Nonius and the lower arch, are ſuppoſed to coincide at the 

end of the gth part upon the Nonius, which ſhews that the index cuts off 
9 ſixteenths of the oppoſite part of the arch. And ſo the length of the 
arch, from the beginning of a g6th part of the quadrant, is thus denoted, 
15, 9, the lower pointer being paſt the 15th ſtroke. 

865. This way of ſub-dividing by a Nonius is preferable to the com- 
mon method of drawing diagonals ; both becauſe the trouble of drawing 
ſo many diagonals is intirely avoided; and alſo becauſe they cannot be 
drawn ſo exactly by the edge of a ruler, as the lines upon the Nonius ; and 
laſtly becauſe the interſe&ion of theſe diagonals with the index or fiducial 
edge, (as they call it,) by reaſon of their great obliquity to each other, 
cannot be determined ſo exactly by the eye, as the coincidence of two 
ſtrokes in the Nonius and the arch, which ſtand directly oppoſite to one 


another. 


866. The object-glaſs being firmly and immutably fixt in the tele- Refificatiod, 
ſcope, the Nonius-plate c d and the collar-plate sf, were both ſkrewed gt ie 


ialt to the teleſcope when taken off from the quadrant; and then the Fig, 600, 


V v 2 line 


fight. 
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line of ſight was brought to be parallel to the line co, drawn through 
rhe center of the collar pg, to c the beginning of the diviſions on the No- 
nius, in this manner. The lines got and ecf being drawn upon theſe plates 
both perpendicular to oc, any diſtances ot and cf were taken equal to each 
ather on one fide of c; and any other diſtances os and ce, (long enough 
to go beyond the teleſcope) were alſo taken equal to each other on the 
oppoſite ſide of oc. Through the four points e, 5, f, f, the ends of the two 
plates were filed exactly parallel to oc. Then placing the points r, F upon 
two points , M of an horizontal line drawn upon a firm plane, a point 
of a remote object covered by the croſs hairs was. marked. And the tele- 
cope being turned half round its axis 46, and the oppoſite paints e, s of 

2 plates being placed upon the ſame points m, , another point of a re- 

mote object now covered by the croſs-hairs was alſo marked; and the tele- 
fcope remaining fixt, the croſs-hairs were moved in its focus, till after 
ſeveral repetitions of this practice, the ſame point of the object was co- 
vered by them in both poſitions of the teleſcope ; and then the line of 
fight was exactly parallel to the line oc *, ſuppoling the object was very 
remote. But becauſe ſmaller marks upon a nearer object are better diſ- 
cerned, the hairs were ſo adjuſted till in each poſition of the teleſcope 
they covered a ſeparate mark, the interval of the marks being taken equal 
to the difference of the heights of the axis of the teleſcope above the fixt 
line mn, as near as could be meaſured. 

How the qua- 867. The object-glaſs being well centered bythe method in art. 808, the 

money — line of fight was firſt. of all made parallel to the plane of the quadrant, as 
near as it need be, by the meaſures of the braſs-work annext to the tele- 
ſcope; and then the plane deſcribed by the line of ſight, turned about the 
center of the quadrant, was brought into the plane of the meridian, by ob- 
ſerving weiber the fixt ſtars paſſed over the croſs hairs at the ſame inſtant 
of time, as tÞcy paſſed over a meridian teleſcope, adjuſted as above de- 

2 it. 838. ſcribed , and placed ſo near the quadrant, that the two obſervers could 
hear each other calling out at the times of the tranſits. And by the coin- 
cidence of thefe obſervations upon ſtars at various altitudes, it appeared 
that the plane of the quadrant was wrought very true. For it is certain 
that the meridian plane deſcribed by the meridian teleſcope, as turning 
upon a tranſverſe axis, muſt be truer than that deſcribed by the quadran- 
tal teleſcope, as guided by the rollers upon the limb. 

Fiz. 594,595- 868. When the quadrant was thus reduced into the plane of the me- 
ridian by te hold-faſts above deſcribed, that radius of it, which termi- 
nates go degrees, was placed. exactly vertical (by the movement above- 
ment.oned) with a plumb-line of very fine filver wire; ſo ſuſpended as 
to play exactly over the middle of the central point o (in the pole of the 
arbor oi) and alſo over the ſtroke at go degrees upon the limb below. 
This poſition of che quadrant being once found, another plumb-line was 

Eo 3 ſuſpended. 


® Art. 834. 
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ſuſpended by the fide of the quadrant, quite clear of the center- work; 
ſo as to play exactly over the middle of a fine point made in the limb be- 
low ; in order to examine afterwards with more expedition whether the 


quadrant has kept its place. For this purpoſe an oblong piece of braſs Fig. 60. 


;b, laid flat upon the ſquare plate at the center of the quadrant, was 
gradually moved to the right or left, by two ſkrews c, d, working againſt 
the ends of it: a lit 46 being cut lengthways through the plate to ſlide 
along two other ſkrew-pins e, f, fixt in the back plate. The wire of the 
plumber was hung by a loop upon a pin g, and lay in a very fine angular 
nick filed in the edge of a little plate h, which projected a little farther 
than the _ for the wire to bear upon it. This plate þ and the pin g 
were both fixt to the oblong plate a5; by whoſe gradual motion above 
deſcribed, the wire hi was brought to play exactly over the middle of the 
hole i in the limb; and then the plate ab was preſſed to the quadrant by 
the ſkrews e, f. | 

869. When this quadrant was fixt upon the eaſtern ſide of the wall, 
ſome proviſion was made for fixing ſuch another upon the weſtern ſide 
to obſerve the altitudes and tranſits of ſtars over the northern half of 
the meridian; and as foon as the Government ſhall think proper to al- 
low the expence of ſo uſeful an inſtrument, we may expect in a few 
years time to be furniſhed with a more exact Catalogue of all the ſtars 
viſible in our hemiſpere, than can poſſibly be had from all the inſtruments 
and obſervations yet extant. And ſuch a Catalogue being the very foun- 
dation of all the deſired accuracy in Aſtronomy, Geography and Navi- 
gation, I need not dilate upon the uſefulneſs of it. 

870. As to the Catalogue of the ſouthern conſtellations, partly invi- 
{ible in our latitude, no doubt it will ſoon receive an accurate correction 
and increaſe, by an excellent Mural Arch of 4 foot radius, made by Mr. 
S1jons in the Strand, exactly after the model of this at Greenwich; except- 


ing that the limb of it is continued abour 12 degrees towards the ſouth of 


the plumb-line, for obſerving the places ofthe moon and planets in paſſing 


Proviſion for 


another qua» 


drant.. 


Mr Campbell 
Mural Arch a8 
7 amaica. 


towards the north from the zenith of Jamaica; where this quadrant is tio 


be fixt, for the uſe of Colin Campbell Eiquire; a young gentleman of whom 


the learned in the Sciences have great expectations: not only from his 
own genius and application, but alſo from the advantages of his ſituation, 


his fortune and education; in which laſt he has had the happineſs to be di- 


rected by no leſs a judge than the Right Honourable the Earl of Lay 3. 


to whom he has alſo the honour of being related. | 


Cu are 


342 T'O MEASURE SMALL ANGLES cox. z. 


CAT ER VIII. 
Of meaſuring ſmall angles with a telgſcope. 


A micrometer 87 J. MICROMETER is a ſmall piece of mechaniſm, contrived 
what and how for moving a fine wire parallel to it ſelf, in t 
2 · e p in the plane of the 


picture of an object formed in the focus ofa teleſcope, and with great exact. 
neſs to meaſure its perpendicular diſtance from a fixt wire in the ſame 
plane: and the uſe of this inſtrument is to meaſure ſmall angles ſubtended 
by remote objects at the naked eye. Let a planet, for example, be viewed 
through the teleſcope; and when the parallel wires are opened to ſuch a 
diſtance as to appear exactly to touch two oppoſite points in the circum- 
ference of the planet, it is evident that the perpendicular diſtance between 
the wires is then equal to the diameter of the picture of the planet, form- 
ed in the focus of the object-glaſs Let this diſtance, whoſe meaſure is 
given by the mechaniſm of the micrometer hereafter deſcribed, he repre- 
ſented by the line pg in fig. 181 ; then ſince the meaſure of the focal di- 
a Art. 814 ſtance L is alſo known by the method abovementioned, the ratio of 
| 9 to 9p, that is of the radius to the tangent of the angle g Lp, will give 
the angle it ſelf, by a table of ſines and tangents; and this angle is equal 
Art. 43- to the oppoſite angle PLA“, which the real diameter of the planet ſub- 
tends at Lor at the naked eye. But the ſame angle may be meaſured till 
more exactly and independently upon the abſolute meaſures of q L and 

9p, their proportion being ſufficient, as ſhall be ſhewn hereafter. 
Mr. Huygen's 872. Mr. Huygens uſed to meaſure the apparent diameters of the pla- 
micrometer: nets or any ſmall angles by a very eaſy contrivance which he thus de- 
b Syſtema 8a · ſcribes, There is a certain place, ſays heb, within the tube of a teleſcope 
turn. P. BZ about as far before the convex eye-glaſs as the eye is behind it, wherein 
the fineſt and ſlendereſt things being placed, appear through the eye-glaſs 
exceeding plain and diſtin, And by conſequence will intercept the view 
of a certain diſtinct part of an object ſeen through the teleſcope. Here it 
hs place a round hole, (made in a braſs plate,) whoſe diameter is a little 
eſs than that of the eye-glaſs, it will moſt neatly and diſtinctly circum- 
ſcribe all the ſpace in the heavens viſible at once through a fixt teleſcope. 
We muſt firſt determine ſome way or other how many minutes of an arch 
are the meaſure of the apparent diameter of this ſpace. The beſt way is 
by meaſuring the time of a ſtar's paſſage over the diameter of it, either by 
a ſimple 1 or by a pendulum- clock. For it is well known that a 
very {mall matter above one degree of the heavens paſſes over a fixt hour 
circle in 4 minutes of time. So that for example it a fixt ſtar, ſituated in 
the equator, or very near it, appears to paſs over the diameter of the ſaid 
ſpace in 69 ſeconds, the teleſcope being fixt, it follows that the — 
7 etex 
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diameter of that ſpace in the heavens fubtends an angle of 17 minutes at 
che naked eye; and this is the meaſure of the ſpace taken in by my tele- 
ſcope whoſe length is 23 feet. This being determined, let two or three 
long and ſlender braſs plates be prepared of various breadths, whoſe ſides 
are very ſtraight and converge very gradually. Then while a planet is 
viewed through the teleſcope, ſlide one of them through two flits in the 
oppoſite ſides of the tube, ſo that the plane of the long plate may touch the 
lane of the round hole; then take notice in what place of the plate the 
breadth of it can juſt cover the whole planet; for by taking this. breadth 
between the points of a fine pair of compaſſes, and by comparing it with 
the diameter of the hole, the apparent diameter of the planet may be eaſi- 
ly collected. Thus far Mr. Huygens. 

873. But the diameters of planets thus meaſured, as Sir 1/aac Newton 
has obſerved, are ſomewhat bigger than they ſhould be; as is evident by 
comparing Mr. Huygens's meaſures with others taken by parallel hairs. 
and alſo by comparing the diameter of Mercury when obſerved in the 
ſun, with his diameter obſerved out of the ſun; which latter is ſenſibly 
bigger than the former. All lucid objects ſeen upon dark ones appear 
bigger, and dark ones ſeen upon bright ones appear leſs, than they would 
do if the lights of both objects were equally ſtrong. Becauſe the circum- 
ference of the brighter image upon the retina diffuſes it ſelf into the con- 
tiguous darker image; and the bright image of the planet being inter- 


ſenſible, and is miſtaken for the edge of the planet. But this error may 
be avoided by uſing long tapering ſlits, cut in braſs plates, inſtead of taper- 
ing plates; or elſe very fine converging wires inſtead of the flits. 

874. The place of any ſtar, ſo ſituated with reſpect to a known ſtar, 
as by its diurnal morion to follow it or go before it over the aperture of a 


any ſort ; only by obſerving the differences of their right aſcenſions and 
declinations; which differences being added to, or taken from, the given 
right aſcenſion and declination of one of the ſtars, give thoſe of the other, 


croſs hairs in the focus of the teleſcope ; of which ab and cd croſs at right 
angles, as alſo efand gh; which are inclined to the two former in half 
right angles; and all croſs one another at the point 1. Then having di- 


having turned the teleſcope about its axis till the ſtar moves along 46, let it 
remain fixt; and obſerve by a pendulum- clock the time of this ſtar's ap- 


the perpendicular hair cd. The interval of time between theſe appulſes 
tO the hair cd, which coincides with part of an hour circle, being turned 
into degrees and minutes, gives the number of them contained in the cor- 


cepted by Mr. Huygens's plate, that faint diffuſed light becomes more 


and conſequently its place. For this purpoſe it is requiſite to have four pig. 662: 


re&ted the teleſcope to make the preceding ſtar appear upon the hair a, and 


pulſe to the center i; and alſo the time of the ſubſequent ſtar's appulſe to 


reſpond-- 


nn 


| ; how obſerved 
fxt teleſcope, may be found very accurately without a micrometer of by a teleſcope. 
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reſponding arch of the equator that paſſed over the ſaid hour circle; 
which arch is the difference of the right aſcenſions of the ſtars. To find 
the difference of their declinations, the times of the ſubſequent ſtar's a 
pulſes at æ and I to the-oblique hairs ef, g 5 muſt alſo be obſerved; half 
of which is the time it ſpends in deſcribing half the line &, that is þ 
or ml. This half being converted into minutes of an arch, gives the num- 
ber of them contained in the correſponding arch of the equator that paſ- 
ſed by the fixt hour circle cd in that time; and this number being dimi- 
niſhed in the ratio of the radius to the ſine complement of the given ſtars 
declination, gives the difference of their declinations, or the number of 
minutes in the arch ii. This rule ſhall be demonſtrated by and by, and 
is ſufficiently accurate though the fine complement of the given ſtar's 
declination.is uſed inſtead of the fine complement of the unknown ſtar's 
declination, .becauſc their difference is but ſmall in compariſon to the 
whole. 

875. Signor Caſſini who firſt introduced this uſeful and accurate me- 
thod of obſerving by 4 hairs, has ſhewn us how he applies it to deter- 
mine all the particulars obſervable in Eclipſes. See Phil. Tranſ. No. 236, 
It has one great advantage, that the obſervations are nor liable to the un- 
certainty of the air's refraction. For the teleſcope being fixt, all objects 
that appear in it, having nearly the ſame altitudes, are equally refracted 
very nearly; it is therefore the beſt method of obſerving the places of 
Mercury and Venus or any of the planets and comets when near the ſun, 
and by conſequence but little elevated in the night time, as Dr. Halley 
has obſerved, Phil. Tranſ. No. 366. Where ſpeaking of the accuracy of 
This way of obſerving, he tells us, « that he himſelf was preſent when Dr. 
Pound and his Nephew Mr. Bradley did this way demonſtrate the ex- 
tream minuteneſs of the ſun's parallax fo exactly, that upon many re- 
peated trials it was not more than 12“ nor lefs than 9“. Theſe obſerva- 
tions may be ſeen in the Phil. Tranſ. Ne. 363; from which Dr. Halley 
calculated the parallax by Caſſinis method (deſcribed in his book upon 
the comet in 1680.) which is very well explained in the 7th of Mr. Whiftor's 
Aſtronomical Lectures. 

876, The only trouble in this way of obſerving, lyes in turning the 
teleſcope about its axis into ſuch a poſition, that the ſtars ſhall move pa- 
rallel to-one of the hairs. But this difficulty is intirely removed, though 
the teleſcope be never fo long, by a very pretty contrivance, invented b 
that ingenious and accurate Aſtronomer the Reverend Mr. James Brad- 
ley, Savilian Profeſſor at Oxford; which he has alſo applyed to the mi- 
crometer hereafter deſcribed. As near as I can remember it is this. Let 
ABC repreſent a flat ring of braſs fixt in the focus of the teleſcope; and 
abc a ſmaller concentrick ring lodged in a circular groove turned within 


the larger, and kept in the groove by three ſmall plates of braſs fx 


— 
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the outward ring and extended over the edge of the inner one. Upon the 
inner ring is fixt a concentrick arch of a wheel de, having teeth cut in its 
convexity, which are driven round by the threads of an endleſs ſkrew, 
whoſe axis DE Fturns in a collar at E and upon a point at F, both fixt 
to the outward ring. The hairs g h, i & croſs at right angles in / the center 
of the rings; and when the teleſcope is ſo fixt that the image of a ſtar falls 
upon , let it move along any line fq, and by turning the ſkrew DEF 
and by conſequence the hair f& about the fixt point / till it touches the 
ſtar at q, it will then coincide with the tract of the ſtar's motion; and then 
all other ſtars will move parallel to it as was required. 

To find the difference of declination of twoſtars, he obſerves the times 
of their appulſes to the edges of two ſlender braſs bars g i , gp, fixt to 
the inner ring, and equally inclined to its diameter gh in ſuch angles that 
the perpendiculars f#, YR, on each fide of fg, ſhall be ſeverally equal to 
half /g; and conſequently that the whole baſe : E, of the equicrural tri- 
angle ig, ſhall be equal to its perpendicular height fg; and by conſe- 
quence that the difference of any two baſes /, Im u ſhall be equal to fr 
the difference of their heights; ſo that the difference of the times of the 
tranſits of two ſtars over theſe baſes, may give the difference of their de- 
clinations as before explained. | 

877. A micrometer of the beſt ſort is made in this manner. In the 
middle of an oblong plate of braſs AB, there is cut an oblong hole 
abe def, (to be placed in the focus of a teleſcope,) having a fine wire be 
extended length ways over the middle of it, at right angles to two ſlen- 
der braſs bars or fights gb, iE lying croſs the hole; of which g is fixt to 
the plate AB by ſkrews at g and h, but i is moved parallel to gh by 
twiſting a round knob Cfixt upon one end ofa long iron ſkrew DE; which 
turns e a tapering point at its end D, while its other end turns round 
in a hole at E in the center of an index- plate E fixt at right angles to 
the main plate AB. The long ſkrew DE works through two hollow 
ſkrews in two cubical blocks of braſs fixt behind the plate Im, bent 
ſquare to the plate n, that flides upon the main plate AB, either back- 
ward or forward, and carries a perpendicular arm op extended over 
the hole bez while p the extremity of the arm op ſlides under a braſs ledge 
qr ſkrewed to the main plate AB along the ſide of the hole. One fide 37, 
of the moveable fight-plate i It, lyes over the arm op, being fixt to it by 
flat headed ſkrews at s and t, the holes in the plate sf being oblong or 
larger than the ſhanks of the ſkrews, to give liberty for placing the edge 


1k coincident with gh, when carried up to it by turning the ſkrew DE 


by the knob C; the part i &, which projects over the arm op, being ham- 
mered down to-lye flat upon the main plate AB. The edge i h, after this 
adjuſtment, will always move parallel to the edge gh; its inclination to 
the ſkrew DE being every where the ſame, provided the ſkrew be 

; p 4, ſtraight 


Deſcription of 
2 micrometer. 


pig. 604. 
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ſtraight, and the interval of the concave fkrews behind Im be ſufficient] 
greatand their motion ſteady. For this purpoſe about a quarter-round of; 
third concave {krew preſſes upon the long ſkrew DE at v, the block of it 
being fixt to the middle of a ſpringing plate wwvx; whoſe extremities lyin 
behind the blocks at /, n, not ſo near as to touch them, are preſſed to. 
wards them with ſkrewsat ww and x ; which occaſions the block at v to ſprin 
upon the ſkrew DE, and to hold it tight to the oppoſite ſides of the con- 
cave ſkrews at /, n. To prevent any motionlengthways in the ſkrew DE, 
its tapering point Dturns in a hollow point at the end of an oppoſite ſkreyw 
, which working through a fixt block at z, holds up the ſhoulder of the 
long ſkrew DE againſt the back of the index-plate, where its neck is in. 
ſerted. | 

The two indexes upon the plate E Fſhew the number of revolutions and 
parts of a revolution of the ſkrew DE, anſwering to the interval of the 
fights gh, ix. In the outward plate there is a circular ſlit a&y, which 
diſcovers part of the diviſions upon the circumference of an inner plate, 
turned about a center by two wheels and pinions within: ſo that for every 
revolution of the ſkrew and index EF, which ſhews the parts of it, one 
diviſion upon the plate ay, paſſes by a fixt pointer at & which ſhews 
the number of revolutions anſwering to the interval of the fights gh, 4. 

878. This micrometer has lately received a very great improvement 
by an ingenious contrivance of the Reverend Mr. James Bradley Pro- 
feſſor of Aſtronomy at Oxford, for turning it in its own plane about the 
interſection 9 of the fixt fightg h and of the tranſverſe wire he, without 
ſtirring the teleſcope; which is thus executed. Upon the backſide of the 
main-plate turned upwards, and here repreſented by the parallelogram 
GHIK, there is laid ſuch another plate LMNO, of the ſame breadth 
and thickneſs but ſomewhat ſhorter; in the middle of which there is an 
oblong hole, anſwering to that other in the lower plate, but ſomewhat 
larger; being terminated at its ſides by the ſtraight lines Te »0, and at its 
ends by the concave arches he, (xy, whoſe common center is the point d 
abovementioned. The concave arch +19 ſlides round this center againſt: 
concentrick convex arch of an annular plate aur; ſomewhat longer than 
the concave arch, of the ſame thickneſs as the upper parallelogram, and 
ſtrongly ſkrewed to the under one, round that end of the hole which is 
neareſt co the center 5: and at the ſame time the other concave arch (x1 
flides alſo againſt another concentrick convex arch o, of another annu- 
lar plate juſt as thick as the upper parallelogram, and ſtrongly ſkrewed 
to the under one. This convex arch ow is ſhorter than the contiguous 
concave one C, to give room for the circular motion of the plates; 
which are held together by two annular plates fimilar to x pr and ow, but 
{omewhat broader, to cover the coincident arches, when laid over them, 
and ſkrewed down to the reſpective annular plates underneath, The cir- 
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cular motion upon theſe arches about their center q, is gradually given 
to the upper parallelogram by an endleſs ſkrew at g, having an axis or 
Jaid croſs the end of the under parallelogram, and turning upon a point 
at one end and in a collar at the other, both fixt to the under plate; while 
the ſpiral thread e moves the teeth of a braſs arch fixt at v to the end of 
che upper parallelogram. 

To hold the micrometer in the tube of a teleſcope, along each fide of 
the upper parallelogram there is fixt a long braſs plate about an inch 
broad; having its oppoſite ſides bent contrary ways, ſo as to form two 
oppoſite ledges, about ; of an inch broad, at right angles to the interme- 
diate part of the plate, as repreſented in the figure. One of the ledges of 
each plate is _ inwards along the ſides of the upper parallelogram, 
and is firmly fixt to it by ſeveral ſkrews. The figure * repreſents one 
of the equal and oppoſite holes cut in the ſides of a ſquare tube, —_ 
which the micrometer is put; the notches py being made to receive t 
ledges of the ſide- plates, to keep the plane of the micrometer perpendi- 
cular to the tube at a juſt diſtance from the object-glaſs. Which diſtance 
being once determined by trials, as above explained, muſt be kept invaria- 
ble in all obſervations, by ſtops or pins, if the tube conſiſts of two or more 
joints that draw in and out. 


The meafures of the Micrometer. 
Enches 

The length of the plate A | | 8,0 
Its breadth MM 3, 6 
Its thickneſs | o, 2 
Length of the hole be 3,5 
Its breadth gh de | 2,2 
Breadth of the hole in the other plate at Cy 2, 6 
Length of the ſkrew DE 5, 5 
Its thickneſs o, 3 
The line Ab 1, 6 
The interval Im =ww x 350 
Length of the ſide cheeks 45 
Their breadth o, 
Their ledges O, 2 
Diameter of the index- plate 3.1 
Its thickneſs (being double with two wheels within) o, 3 
The greateſt opening of the ſights gh, i ł de 2,2 


Threads of the ſkrew in an inch, 40 

The inch is divided by the index-plates into 40 times 40 or 1600 
equal parts. Inſtead of the braſs ſights gh, i ł, two others with 
parallel wires may be {krewed on at pleaſure. 

| X x 2 879. 


To find the 
angles aniwer- 
ing to the re- 
a « # Sans of 


the ſcrew. 
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When the ſight- plates are made to coincide, the two indexes of: ? 
the revolutions and their parts muſt be ſet to the beginning of the nume- 
rations upon the index-plates. Then as the ſights are opened, it is evi- 
dent from the make of a ſkrew, that the numbers of revolutions will be- 
as the intervals of the fights, and conſequently as the angles ſubtended by 
them at the center of the object- glaſs; the intervals being inſenfibly diffe. 
rent from the arches that meaſure theſe ſmall angles. Therefore when 


any one angle correſponding to a given number of revolutions, is deter- 


Art. 60. 


By Molyneux s 
method. 
Dioptr. p. 
249 


mined by experiment, an angle correſponding to any other number of 
revolutions may be found by the rule of three. And thus may tables be 
made to ſhew by inſpection the number of minutes and ſeconds in an angle 
anſwer ing to any given number of revolutions and parts. 

880. To determine ſome one angle, the larger the better, becauſe 
the ſame error in the determination will be proportionably ſmaller in a 
given angle deduced from it; fix the teleſcope upon any known ſtar in 
the equator or very near it, and open the ſights to their utmoſt limit and 
note the number of revolutions of the ſkrew. Then by a pendulum- clock 
obſerve the interval of time in the ſtar's tranſit over the given interval of 
the fights, and having turned it into minutes and ſeconds of an arch, they 
are the meaſure of the angle required. But if the ſtar be remote from the 
equator, the number of minutes and ſeconds thus found, muſt be dimi- 
niſhed in the ratio of the radius to the fine of the ſtar's diſtance from the 

ole. 
N 881. For let o be the center and #09 the axis of a ſphere, parallel to 
the earth's axis; pr v and pg ꝗ two hour circles cutting the equator of 
the ſphere in v and x, and the circle parallel to it, deſcribed by the ſtar's 
diurnal motion, in” and s. Join ov and ox, and from the center of the pa- 
rallel draw fr and #s. Then if you pleaſe we may ſuppoſe o to be the 
center of the obje-glaſs, and the diameter og to be equal to twice the 
length of the teleſcope, and the little arch 7s, on the equal and oppoſite 
arch eo, to be the interval of the fights; and then the angle ros or goo 
is the angle required. Now fince the lines 7 oe, go are the: viſual rays at 
the times of the ſtar's appulſes to the ſights, the interval of time, turned 
into minutes and ſeconds of an arch or angle, gives the number of them 
contained in the angle vox or ts, in which the planes of the hour circles 
are inclined to each other. But the angle 77s is to the angle ros, ſubtend- 
ed by the ſame perpendicular 7s, as ro to rt, that is as the radius to the 
fine of the ſtar's diſtance from the pole p. Or thus, the triangles or ſe- 
ctors vox, rts being ſimilar, the radius vs is to the fine tr (as the arch 
vx to the arch ys or) as the angle vox to the angle ros, taking 7s for an 
arch of a great circle. | | 

882. Another way of finding the angle anſwering to one of the great- 

eſt openings of a micrometer, is this. Having fixt the micrometer =_ 


enar. 8. WIIn ATELEZSs Cor k. 349 


due diſtance Ef from the obje&-glaſs, requiſite for viewing the moſt re- Fis. 607: 


more object without parallax? ; on the ſide of a wall or houſe far diſtanr, 

k out rwo conſpicuous objects as P, R that may both at once be re- 
ceived into the fixt teleſcope. Meaſure nicely their diſtance PR from 
each other, and alſo their diſtance Eg from the object-glaſs E, (the axis 
of the teleſcope Q Eq being perpendicular to the middle of the line PR) 
and by trigonometry calculate the angle PER. Then looking through 
the teleſcope open the micrometer, till its two edges exactly meet with 
and embrace the two objects P, R; and obſerve how many revolutions, 
and parts of a revolution are performed in this opening. For ſo many 
compleat the angle before calculated. So far Mr. Molyneux. 

883. Upon an even piece of ground where a long diſtance may be 
meaſured exactly by a pole, this experiment may be made with very great 
accuracy, only by fixing up a rail or horizontal board, at right angles to 

E, with a black line drawn lengthways upon it, and marked with two 
croſs ſtrokes P, R of a ſufficient thickneſs to be viſible through the tele- 
ſcope. And although it ſhould happen for want of even ground enough, 
that the object is too near to be ſeen diſtinctly and without parallax, un- 
leſs the teleſcope be lengthened, yet the experiment may be performed 
with ſufficient accuracy by making the following correction. 


Draw back the micrometer to the diſtance Eg requiſite for viewing 


the preſent object moſt diſtinctly, and without parallax ; and meaſure Eq 
as exactly as you can, for great exactneſs is not neceſſary; then having 
obſerved the number of revolutions and parts, anſwering to the apparent 
diameter of the object or the computed angle PE ; diminiſh this num- 
ber in the given ratio of QE to ; and you have the number of revolu- 
tions anſwering to the ſame angle Q ER when the place of the micro- 
meter is adapted for viewing the remoteſt objects. For ſuppoling pgr the 
image of the near object PYRand / the image of the ml remote object 
ſubtending the ſameangleas PA Rdoes; theſe two images would be termi- 
nated by the ſame lines if both were diſtin, And conſequently the number 
of revolutions that would anſwer to the image e fg, is to the number of re- 


volutions anſwering to the image pr, as the line /g to the line 4 
ocus 


But ſuppoſing the rays to go back again from q to Q ſince f is the 


of parallel rays coming the contrary 


lutions in eg, to the hum 
884. A micrometer is the more uſeful for taking in a 
and for this purpoſe the broadeſt and thickeſt eye-glaſs and one that mag- 


vifies the moſt.1s the beſt. Through ſuch an eye-glaſs the hairs of the ef 
crooked indeed *, but provided they appear ſuf- b Art. — 5 


micrometer will ap 
ficiently diſtinct, accuracy of the meaſure of an angle is not at all 
diſturbed thereby. Becauſe the right lines upon the object that are * 


a Art. 813. 


An improve- 


ment of it. 


way, we have 9492;qE::qE: of * * an. 239. 
an Wend £®: 29 :: (E/+ £q+: eg: pr 29 as the number of revo- 2 
in pr 


larger angle, Apparent cur- 
vity of the 


irs no cauſe - 
error. 


K, a 


» 
ud . 
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due diſtance Ef from the obje&-glaſs, requiſite for viewing the moſt re- Fig. 607: 
more object without parallax? ; on the fide of a wall or houſe far diſtant, Art. 813. 
mark out two conſpicuous objects as P, R that may both at once be re- 

ceived into the fixt teleſcope. Meaſure nicely their diſtance PR from 

each other, and alſo their diſtance E from the object-glaſs E, (the axis . 

of the teleſcope Q Eq being perpendicular to the middle of the line PR) 

and by trigonometry calculate the angle PER. Then looking through 

the teleſcope open the micrometer, till its two edges exactly meet with 

and embrace the two objects P, R; and obſerve how many revolutions, 

and parts of a revolution are performed in this opening. For ſo many 
compleat the angle before calculated. So far Mr. Molyneux. 

7.58 Upon an even piece of ground where a long diſtance may be An improve- 
meaſured exactly by a — this experiment may be made with very great went of it. 
accuracy, only by fixing up a rail or horizontal board, at right angles to 
E, with a black line drawn lengthways upon it, and marked with two 
croſs ſtrokes P, R of a ſufficient thickneſs to be viſible through the tele- 
ſcope. And although it ſhould happen for want of even ground enough, 
that the object is too near to be ſeen diſtinctly and without parallax, un- 
leſs the teleſcope be lengthened, yet the experiment may be performed 


with ſufficient accuracy by making the following correction. 
Draw back the micrometer to the diſtance Eg requiſite for viewing 
the preſent object moſt diſtinctly, and without parallax ; and meaſure Eg 
as exactly as you can, for great exactneſs is not neceſſary; then having 
obſerved the number of revolutions and parts, anſwering to the apparent 
diameter of the object or the computed angle PE ; diminiſh this num- 
ber in the given ratio of QE to ; and you have the number of revolu- 
tions anſwering to the ſame angle Q ER when the place of the micro- 
meter ĩs adapted for viewing the remoteſt objects. For ſuppoling pęr the 
image of the near object PYRand efg the image of the — pu, 14 object 
ſubtending the ſame angle as PA Rdoes; theſe two images would be termi- 
nated by the ſame lines if both were diſtin, And conſequently the number 
of revolutions that would anſwer to the image /g, is to the number of re- 
volutions anſwering to the image pr, as the line /g to the line * 
But ſuppoſing the rays to go back again from q to ſince f is the focus | 
of parallel rays coming the contrary way, we have 9Q;qE::qE: af * » an. 239. 
and disjointly E: :: (Ef: Eq:: eg: pr: :]) as the number of revo- 2 
lutions in eg, to the humber in pr. : 
884. A micrometer is the more uſeful for taking in a larger angle, Apparent cur- 
and for this purpoſe the broadeſt and thickeſt eye-glaſs and one that mag- ity of the | | 
nifies the moſt.is the beſt. Through ſuch an eye-glaſs the hairs of the of err. 
micrometer will appear crooked indeed *, but provided they appear ſuf- b Ar. 154- 
ficiently diſtinct, the accuracy of the meaſure of an angle is not at all _ 
diſturbed thereby. Becauſe the right lines upon the object that are * 


MO 
* 2 * 
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ed by the hairs, appear to be juſt as much bent as the hairs themſelves, 

If a hair be ſtretched upon a page of a book, and be viewed through the 
edge of a very convex glaſs, the hair though diſtorted will appear to cover 
the very ſame letters as when viewed by the naked eye. And the caſe is 
the ſame in the focus of a teleſcape ; becauſe the rays that come from the 
preg 3 the object, diverge upon the eye- glaſs from points contiguous 
to the hairs. 5 


CHAPTER IX. 


Mr. Graham's Aſtronomical ſector. 


Deſigu of this 885, Ir is allowed that a micrometer is the moſt accurate and conve- 

. 1 nient inſtrument for obſerving the Ini of a planet or comet, 

when it happens to be near enough to any known ſtar; by taking the 

differences of its right aſcenſion and declination from thoſe of the ſtar, 

as explained above. But this being 1 impracticable, by reaſon 

that many large places in the heavens are void of ſtars whoſe places are 

known ; it is neceſſary to have recourſe to moveable quadrants or ſex- 

tants, furniſhed with teleſcopick fights for taking larger diſtances. But 

beſides the difficulty and charge of procuring good jnſtruments of this 

ſort, the great trouble and uncertainries in obſerving with them are very 

notorious, ariſing chiefly from the difficulty the obſervers find in making 

their obſervations, at each teleſcope, correſpond together at the ſame in- 

ſtant, while the inſtrument is following the diurnal motion of the hea- 

vens. The lovers of Aſtronomy are therefore much obliged to the inge- 

nious Mr. George Graham F. R. S. not only for many uſeful improve- 

ments in the mechaniſm of ſeveral aſtronomical inſtruments, but alſo 

for contriving a very commodious and accurate one for the er afore- 

ſaid; that is for taking ſuch differences of right aſcenſion and declination 

as are too large to be obſerved through a fixt teleſcope; and yet with e- 

qual facility, and exactneſs too in proportion to the radius of the inſtru- 

ment. I will firſt give an idea of it and then deſcribe the particulars of the 
mechaniſm. | 

An idea of the 886. Let AB repreſent an arch of a circle containing 10 or 12 de- 

Fig. 308. grees well divided, having along plate CD for its radius, 2 to the mid- 

dle of the arch at D. Let this radius be applied to the ſide af an axis 

HFI, and be moveable about a joint fixt to it at F, ſo that the plane of 

the ſector may be always parallel to the axis HI; which being parallel to 

the axis of the earth, the plane of the ſector will always be parallel to 

the plane of ſome hour circle. Let a teleſcope C E be moveable about the 

} center C of the arch AB, from one end of it to the other, by turning a 

1 ſkrew at G; and let the line of fight be parallel to the plane of the = 

o 


— 
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Now by turning the whole inſtrument about the axis H, till the plane 
of it be ſucceſſively directed firſt to one of the ſtars and then to another, 
it is eaſy to move the ſector about the joint F into ſuch a poſition, that 
the arch AB when fixt, ſhall take in both the ſtars in their paſſage by 
the plane of it; provided the difference of their declinations does not ex- 
ceed the arch AB. Then having fixt the plane of the ſector a little to the = 
weſtward of both the ſtars, move the teleſcope CE by the ſkrew C, and 
obſerve by a clock the time of each tranſit over the croſs hairs and alſo the 
degrees and minutes upon the arch AB cut by the index at each tranſit : 
then is the difference of the arches the difference of the declinations, and 
by the difference of the times we have the difference of the right aſcen- / 
ſions of the ſtars. 0 , 

887. The mechaniſm of the principal parts of the inſtrument is this. Deſcription of 
Upon the fide of an iron axis HI Fwrought ſquare, and near the top of it, P Parts 
there is fixt a broad circular plate abc of ſolid braſs ; upon which there lies a 
braſs croſs KLMN, which turns about a joint at the center F. At the. 
ends of the croſs plate MN, are erected two equal perpendiculat arms 
O and P, whoſe extremities are fixt by the ſkrews d, e to the backſide of 
the radius CD; which is ſtrengthened by a long braſs rib on its backſide, . 
placed edgeways from one end to the other as repreſented in fig. 610. 
The arms O, P are no longer than is neceflary for the ſector ABC to turn 
about the joint F quite clear of another circular plate R; which is fit 
to the upper baſis ofa braſs cylinder 7, the iron axis HF being put through 
a ſquare hole in the middle of them both, and immoveably fixt in it: FT | 
repreſents a long ſubſtantial plate of braſs, having two ſhort plates X and 
N fixt perpendicular to the ends of it. Let us ſuppoſe the length of the 
plate S 7 to be parallel to the earth's axis, and to be firmly fixt in this po- 
fition upon. a pedeſtal, or otherwiſe, with its flat ſides facing the north 
and ſouth. Remove the axis H and place the conical hole made in the 
end H upon a conical point of a ſkrew-pinat 7”; and the cylinder I into 
the ſlit Z A; whoſe parallel ſides Y, X embrace it, while it reſts againſt 
two points of an angular notch in the bottom of the ſlit at Z. By this 
means the whole inſtrument will always turn true about one and 
the ſame imaginary line. When the ſector is turned about the joint F till Fis. 609, 610. 
the radius CD becomes parallel to the axis HI, the 610th figure repre- - 
ſents a ſection of the whole inſtrument, made by a plane piling at right : 
angles through the radius CD, and through the rib on the backſide of it, 
and through the axis HI and through the ſupporter ST. The ſeveral 
parts of the inſtrument are here denoted by the ſame letters in both figures. 
The arms O and P have two flits through the middle of their ends to re- 
ceive the edge of the rib CD. The circular plate ac is fixt to the axis by 
the ſkrews b, i. The braſs rod g# is ſkrewed into the axis Hi, and carries -, 
2 braſs ball I that ſlides along it, and is fixt by a {krew m ata pt 0 x 

: Place 


7 P ĩ He: THe. 


\ 


Fig 611. 


Dimenſions of 
the inſtru · 
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lit de, and are 


place for ballancing the weight of che ſector and teleſcope placed on the 
oppoſite ſide of the axis. At the top of the ſupporter S I there is a hold. 
faſt nopgrstv, whoſe cavity nopg receives the circular plate & R. The 
end q of a ſpringing plate pg is fixt by a ſkrew 7 to the inſide of the up- 


per plate rs, while its other end p may be preſſed down upon the circle 


9 by twiſting the knob of a ſkrew # which works in a ſocket v. And to 
prevent this preſſure from diſlocating the plane of the circle M and con- 
ſequently the polition of the axis Hl, the hold-faſt nopg has liberty of yield. 
ing or turning upon the ends of two ſkrew:pins, that go into two coni- 
cal holes in the oppoſite edges of the under plate 20; one of theſe ſkrews 
is ſeen at a; and the fixt piece that they ſkrew into, is repreſented ſeparately 
in full view at zxyz; 7,2 being the points that the hold-faſt turns upon, 
By this means the ſame ſkrew at # cauſes the upper and under plates 
of the hold-faſt zopg to compreſs the circle Q, with equal forces. To the 
arm O there is faſtened ſuch another hold-faſt, which ſo compreſles the 
circle ac and the croſs plate MN, as to ſtay the ſector and teleſcope in 


any given poſition, from turning about the joint F. This joint is nothing 


but a cylindrical pin paſſing through the plates MN, ac. The flat head 
of the pin is fixt by 3 ſmall ſkrews to the plate MN; and to the oppo- 
fite end of this pin a circular ſpringing plate is fixt by a ſkrew, that ſkrews 
into the end of the pin. And the joint Cat the center of the ſector ABC is 
made in the ſame manner. | 
888. The 611th figure repreſents the ſkrew-work upon the backſide 
of the limb AB; contrived for moving the teleſcope by twiſting the knob 
g. Herega6 is a long ſtraight ſkrew, which works through a ſkrew-hole 
in a braſs head c ; whoſe neck is moved in a long circular flit de cut 
through the limb; the other end of this neck turns round in a hole in the 
Nonius-plate, (one end of which is fixt to the teleſcope,) and draws it 
along the limb: h and i are the heads of two ſkrews, whoſe thanks go 
through a ſpringing plate, to make the motion Ready. and through the 
| $3 into the Nonius-plate on the other fide of the 
limb, Since the length of the ſkrew ab muſt have a ſmall angular mo- 
tion while it carries the head c along the arch de; the ſhank of it near 
the end @ turns round in a hole made in a ſhort flat axis n, placed per- 
pendicular to the limb and held fo by an arm n, while the other end 6 
moves in a lit p parallel to the limb, being cut in a ſmall plate fixt per- 


pendicular to the limb. The long ſkrew g 44 is kept from ſlipping back- 


wards and forwards through the hole in the axis n, by ſhoulders or 
nuts fixt on each ſide. ; 

889. The dimenſions of this inſtrument are theſe. The length of the 
teleſcope, or the radius of the ſector is 2 4 feet; the breadth of the ra- 
dius near the end C is 1 4 inch; and at the end D 2 inches. The breadth 
of the limb AB is 14 inch, and its length 6 inches, containing 10 de- 

f ö grees 
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grees divided into quarters and numbered from either end to the other. The 


carries a Nonius or ſubdividing plate *; whoſe length, being e- a Art. 861. 


ual ro 16 quarters of a degree, is divided into 15 equal parts; which in 
effect divides the limb into minutes, and by eſtimation into ſmaller parts. 
The length of the ſquare axis HIFis 18 inches, and of the part H 12 in- 
ches, and its thickneſs is about 4 inch; the diameters of the circles R 
and abc are each 5 inches. The thickneſs of the plates and the other mea- 
ſures may be taken at the diſcretion of a workman. 


890. This inſtrument may be rectified, for makin obſervatians, in Redtification 
this manner, By placing the interſection of the croſs hairs at the ſame di- at nt 
ſtance from the plane of the ſector, as the center of the object-glaſs found 


by art. 808, the 1 deſcribed hy che line of fight, during the circular 
motion of the teleſcope upo 

from conical curvity: which may be examined by ſuſpending a long plumb- 
line at a convenient diſtance from the inſtrument, and by fixing the plane 


n 
of the ſector in a vertical pofition, and then by a while the tele- 
the croſs hairs ap- 


ſcope is moved by the fkrew along the limb, whether 


, 


pear. to move along the plamb-line, 


891. The iron axis þfs may be elevated neatly parallel ro the axis of Fig. r 


the earth by means of a ſmall common quadrant ; and its error may be 


oorrected by making the line of fight follow the circular motion of any 


of the circum-polar ſtars, while the whole inſtrument is moved about 
its axis Mv, the teleſcope being fixt to the limb. For this purpoſe let the 
teleſcope &7 be directed to the ſtar a when it paſſes over the higheſt point 
of irsurnal circle, and let the diviſion cut by the Nonius upon the limb 


be then noted. Then after 12 hours, when the ſtar comes to the loweſt point 
of its circle, having turned the inſtrument half round its axis, to bring the 


teleſcope into the poſition n; if the croſs hairs cover the ſame ſtar ſup- 
poſed at 5, the elevation of the axis o is exactly right: but if it be neceſ- 


Pe 1. e the limb, will be ſufficiently true or free 


"DH. 
* 


ſary to move the teleſcope into the poſition i in order to point to this ſtar 


at e, the arch mn which meaſures the angle mf or h fe, will be known; 
and then the axis /o muſt be depreſſed half the quantity of this given an- 


gle if the ſtar paſſed below 5; or muſt be raiſed ſo much higher if above 
it: and then the trial muſt be repeated rill the true elevation of the axis be 
obtained. By making the like obſervations upon the ſame ſtar on each 
fide the pole, in the fix a clock hour-circle, the error of the axis towards 
the eaſt or weſt may alſo be found and corrected, till the croſs hairs fol- 
low the ſtar quite round the pole. For ſuppoſing aopbc to be an arch of 
the meridian, (or in the ad practice, of the ſix a clock hour-circle,) make 


the angle afp equal to half the angle ac; and the line /p will point to the 


pole, and the angle /p, which is the error of the axis, will be equal to half 


che angle Be or mf u, found by the RY becauſe the A | 


Preface, 
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the two angles afb, a 12 is double the difference of their halves «fo and 
very near the pole, allowance muſt be made for 
ractions by the Table in the next book. | 


CuAPTER X. 


[4 
| 


| To manage long teleſcopes without tes 


892. I. has has been ſhewn in the ſeventh chapter of the ſecond book, 


that the only way to improve dioptrick teleſcopes is to increaſe: 
their lengths, in no leſs a ratio of the propoſed increaſe of the apparent 
diameter of an object, than what is duplicate of it. So that to magnify twice 
as much as before with the ſame light and diſtinctneſs, the teleſcope muſt be 
lengthened four times; and to magnify thrice as much, nine times; and 
fo on. It was ſhewyn at the ſame time, that the neceifity of uſing ſuch great 
lengths proceeds from the imperfections of the picture of the object form- 
ed by the obje&-glaſs; which 1 17-4 mathematicians formerly 
attributed to the unfirneſs of ſpherical ſurfaces.to produce an exact union 
of the rays in each pencil; and therefore they preſcribed to give their 
laſſes the figures of conical ſections turned about their axes. But the great 
Sir Jaac Newton diſcovered their miſtake, by ſhewing that conical figures 
would only remove an inconſiderable cauſe of theſe imperfections of the 
picture, while the different refrangibility of the rays, which. is the princi- 
pal cauſe, would unavoidably remain as before. This led him to the in- 
vention of his reflecting teleſcope about the year 1670, but before it was. 
lately brought into common ole! by the ingenious Mr. Hadley, mathema- 
ticians {till deſpaired of any other improvements of teleſcopes but by 
tengthening their tubes, and contriving proper machines to move and. 
manage them. A great variety of theſe machines may be ſeen in Hevelius's 
Machina Cæleſtis; but aſtronomy ar laſt was very bappily freed from this 
expenſive lumber by the ingenuity of the great Hugenius: who placing 
the object- glaſs upon a long upright pole, contrived to direct its axis to- 
wards any object by a fine {ilk line, coming down from the glaſs above to 
the eye-glaſs below. This invention was ſucceſsfully N e both by 
himſelf and others; particularly with us by the late Dr. Pound and by 
his nephew Mr. James Bradley Profeſſor of Aſtronomy at Oxford, wit 
an object-glaſs of 123 feet focal diſtance, and an apparatus.belenging to 
it, made and preſented by Hugenius to the Royal Society, and deſcribed 
in his Ffroſcopia Compendiaria tubi eptici mulimine lilerata, printed at 
the Hague in 1684; which treatiſe I have here tranſlated. For althaugh 
Sir Jaac Newton's reflecting teleſcopes are now made in ſo great per- 
fection, that one of five feet is equivalent to the Hugenian glaſs of 123 
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which the catoptrick ones have not, to wit in applying a micrometer. 
For the diameters of the pictures of objects in both teleſcopes being as 
their lengths, the ſame micrometer will meaſure the larger image more 
exactly than the ſmaller, in the ſame proportion of the lengths of the tele- 
ſcopes. It is chiefly for this reaſon that I give Mr. Huygens'saccount of his 
aerial teleſcopes; and alſo of a ſmall variation in their contrivance by Mr. 
de la Hire. 

893. In a large area every way open to the view of the heavens, let 
a long pole or maſt be fixt upright in the earth. That which we firſt uſed 
was 50 feet high; and was ſufficient for a teleſcope 70 feet long or Fig. 613+ 
more, though not for the greateſt altitudes of the ſtars, for which the pole 
ſhould be almoſt as long as the teleſcope. Before the pole is erected let 
one ſide of it be wrought plane, to which let two long ledges be nailed 
parallel to each other, at the diſtance of an inch and a half; fo as to make 
a long channel a little broader within than without, reaching from the 
top of the maſt within three feet of the bottom. And through the top of the 
maſt, over againſt this long channel, let a ſlit or mortiſe be made to receive 
a pully, over which let a rope be put as long again as the maſt, and near 
halfan inch thick. And for a perſon to aſcend to the top upon occaſion, 
let wooden triangles be fixt to the maſt at equal intervals, to ſerve for 
ſteps. Then let the bottom of it be daubed over with hot pitch, fo far as 
it is to be fixt in the ground, and ler ſand be put into the hole round about 
it to keep it from rotting. The uſe of the maſt is to raiſe the objet-glals . 
to a proper height as follows. 
894. Let a board of two foot long be ſloped on each fide, ſo as to 
move freely up and down in the channel abovementioned; and to the 
middle of this board let a wooden arm be fixt and extended a foot in length 
from the maſt; and let the middle of another board, a foot and an half long, 
be laid horizontal and at right angles over the end of that arm, and be fixt 
to it. The object- glaſs muſt be placed upon one end of this tranſverſe 
board; and the whole muſt be lifted up and down by the rope above- 
mentioned; the ends of it being tyed . top and bottom of the upright 
board that flides in the channel; and the whole muſt be counter poiſed 
by a leaden weight fixt to the rope on the other fide of the pully, in ſuch 
a place that the weight may be at the top when the object-glaſs is at the 
bottom, and on the contrary. The ends of the weight muſt be made of a 
conical figure to prevent its catching and ſticking at the wooden triangles 
abovementioned. ct 

895. The manner of fixing the object-glaſs is this. Firſt let it be fixt 
within a tube four inches long, made of ſheet- tin or braſs; and to the 
outſide of this tube (or rather to a hoop that ſurrounds it) let a ſtraight 


ſtick 
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ſtick be fixt, about an inch thick, and extended about 8 inches or a foot 
from the end of the tube. Then to ſupport the whole let a braſs-ball as 
big as a filbert- nut, be fixt to the faid ſtick by a ſhort neck, and be lodged 
in a hollow ſocket, in which it may play very freely without danger of 
dropping our. Let the ſocket and its cylindrical pedeſtal be lit in two halfs, 
and be held together by aſkrew paſſing through both, but not ſo cloſe as to 
pinch the ball. By this means the object-glaſs and the ſtick anrexed, are 
moveable every way; and to keep them in equilibrio, an equal counter- 
poiſe of lead is fixt to the under part of the ſtick by a ſtiff braſs wire; ſo 
that by bending this wire to and fro, the common center of gravity of 
the weight, the lens and parts annexed may be eaſily placed in the center 
of the braſs ball; and then the whole compound will be moveable with the 
leaſt touch, and will reſt in any given poſition: and in this lies the judge- 
ment of the whole invention. Having ſtuck the pedeſtal of the ball and 
ſocket into a hole in the end of the tranſverſe board above deſcribed; to 
the tail of the ſtick, annext to the object-glaſs, let a ſilk line be tied, and 
let the length of it rather exceed the length of the intended teleſcope, 
that the other end of it may be brought to the eye-glaſs.. Hence when 
the object- glaſs is raiſed towards the top of the maſt, by gently drawing 
this thread while you are moving round the maſt, the objeG-glaſs will 
readily obey its motion, and be directly oppoſed to what ſtar you pleaſe; 
which could never be performed without placing it in the ſtate of libra- 
tion above deſcribed. Now ſince it is abſolutely neceſſary that the ſtick, 
annexed to the object-glaſs, ſhould be parallel to the extended line; for 
this purpoſe a ſhort braſs, wire is fiæt into the tail ok the ſtick, and is bent 
downwards ſo far till the end of it, where the ſtring is tied, be as much 
below the ſtick as the center of the ball and ſocket is. The reaſon. for 
uſing a flexible ſpringing wire ſhall be given hereafter. i 
396. Let us now deſcribe the poſition of the eye-glaſs and its con- 
nection with the objeA-glaſs ; which will take up but few words, fince 
the mechaniſm below is almoſt ſimilar. to that above. Here alſo the eye- 


| glaſ is included in a ſhort tube, connected to a ſtick, which may alſo 
ve a ball to reſt upon or rather a little tranſverſe axis, and a weight be- 
low the ſtick 8 the tube and eye-glaſs., The obſerves takes hold 
of a handle frxt to the tranſverſe axis, and holds the lower ſtick directed 
towards the upper one, by means of the line that connects them and 
winds about a pegg fixt in the lower ſtick ; ſo that by pulling gently, to 
extend the line, it is evident the two glaſſes will become parallel to each 
other. The lower part of the ſtring comes through a ſmall hole made with 
a wire at the far end of the lower ſtick ;. and the obſerver by turning the 
> like that of a muſical inſtrument, ſhortens or lengthens the line 
at pleaſure ; till he brings the interval between the glaſſes to a juſt length, 
requiſite for diſtin viſion. 1 | | 
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897. But in order to keep the eye- glaſs ſteady, as it ought to be, it is 
convenient for the obſerver, whether ſtanding or fitting, to ſupport his 
arms upon a veſt; conſiſting of a fender tranſverſe beam ſupported by 
two feet, made of any light ſtuff, while he holds the eye-glaſs in one of 
his hands: which is a readier and more commodious way than to fix the 
eye-glaſs upon a reſt ſupported by three feet. {ROK 
898. In order to find a ſtar in the teleſcope, when the nights are 
dark, we make uſe of a lantern ; which collects the light into a ſtream 
either by tranſmiſſion through a convex lens, or by reflection from a con- 
cave ſpeculum. For by Sag cis ſtream of light till it falls upon the 
object-glaſs and makes it viſible, it is eaſy for the obſerver to change 
his place, till he finds the ſtar is covered by the middle of the object- 
glaſs; and then to apply his eye-glaſs. Which is ſoonet done than with 
a teleſcope conſiſting of a long tube. By moon-· light the object-glaſs is 
viſible without the help of the lantern. But in viewing the moon through 
the teleſcope, it is neceſſary to fix an umbrella made of thin paſt- board 
about the object- glaſs, of ſuch a diameter as ſhall cover a ſpace in the fy 
above twice as broad as the moon; to intercept that light from coming to 
the eye which would paſs by the ſides of the object-glaſs, and by mixing 
with the light that comes through the teleſcope, would dilate the ap- 
pearance of the lights and ſhades in the face of the moon. But to under- 
ſtand this mechaniſm more clearly we have added a deſcription of the 
figure. 
"The pole or maſt is 4b | 
The moveable board in the long channel, cd 
The arm fixt perpendicular to it, e 
The tranſverfe board that ſupports the object-glaſs, f 
The endleſs rope going round the pully, gg 
The weight annext to it, 
The pully at the top of the pole, 4 
The tube that holds the object-glaſs, : 
The ſtick faſtened to that tube, &/ 
The braſs ball fixt to the ſtick and lying in the ſocket, m 
The lead at the end of the braſs wire, 2 
The ſhort wire at the end of the ſtick, / 
The tube that holds the eye-glaſs, a 
The ſtick fixt to the tube, p 
The little moveable axis, q 
The handle, r 
The leaden bullet, | 
The ſpool to wind the thread upon, ? ' 74 
The pins ſtuck croſs each other to make a hole for the line to paſs 
IE. oats eta nate a 


— 


Fig. 614 


ISB ro MANAGE LONG TELESCOPES BOOK z. 
The lender filk-line, I | | RSA 
The reſt for the obſerver to lean upon, x 
The Lantern, y 
The triangular ſteps for climbing up the maſt a, that would have em- 
barraſſed the figure, are omitted. | 

899. I now proceed to remove ſome objections that may ariſe in peo- 
ples minds, who have not tryed this mechaniſm. And firſt they may fear 
that the ſmall deflection of the line, eſpecially when ſo long as 100 or 
200 feet, may poſſibly deſtroy the paralleliſm of the glaſſes to which it is 
connected: and indeed there would be good reaſon for this apprehenſion, 
if it were neceſſary to uſe a ſtrong heavy line; for then it would require 
a very great force to reduce it to a tolerable degree of ſtraightneſs. But 
the obje&-glaſs being ſo nicely poiſed in the manner deſcribed, is capable 
of being directed by the leaſt touch of the „A thread. Fifty foot of 
the ſilk-line we make uſe of, weighs but half a dram, and bears a ten- 
ſion by ſeven pound weight before it breaks. Therefore the ſmall deflec- 
tion of a line of this length or even much longer can do no harm, though 
but moderately ſtretched by a force equivalent to 2 or 3 pound weight. 
Eſpecially as it is well known that a geometrical paralleliſm of the glaſſes 
is by no means neceſſary. n 


goo. For it is certain that the forces requiſite to ſtretch two lines of 
equal lengths to equal curvities, are as the weights of the lines. For ex- 
ample 50 foot of a line weighing one ounce, would require a force equi- 
valentto 48 pounds, to reduce it to the ſame curve as $0 foot of our line 
is reduced to by 3 pounds weight. For it is the ſame thing whether 16 
ſeparate lines, each weighing half a dram, be ſtretched ſeverally by 3 

unds apiece, or whether they compoſe a cord of an ounce weight, to 
E ſtretched by 16 times 3 pounds or 48 pounds. | 

90 1. But this flexure of the line may be farther examined by the joint 
aſſiſtance of geometry and experiment. For the curvity of the line, when 
ſo very ſmall, may be conſidered as a portion of a parabola without ſen- 
fible error; and when 150 feet of this line was ſtretched horizonrally by 
a weight of 2 pounds and a half, we found by experiment that the depth 
of the loweſt point of it, below the level of the extreams, was about a quar- 
ter of a foot. Let abc repreſent this parabolick thread, d& its depth be- 
low the level adc. Let the lines ae, F be tangents to the parabola, meet- 


ing the lines ce, a/ drawn parallel to 4b. Now by looking from the point 


4 along the direction of the thread to the point e, the line of viſion fell up- 
on e about a foot below c. Whence it follows that 46 was a quarter of a 
foot. But ce and af are equal. Therefore the thread cha directs the axis 
of the obje&-glaſs placed at c, not to the point @ but along the tangent 
cf; ſo that the eye at à is a foot too high; which does no harm at the di- 
{tance of 150 feet. For the angle of deflection c ae or ac is but two * 
0 
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JF 
of a degree, which though it may fafely be negle&ed,. yet I ſhall ſhewr 
how it may be corrected once for all. It we take the. diſtance gh double 
of ac, or 300 feet, fo that gabch may repreſent this bended line, the 
depth 20 will be engt of 46; but the angle of deflection only double 
of the former that is + of a degree; as is eaſily underſtood by drawing the 
tangent g/ meeting the perpendicular þ/. For 5 is quadruple of & or 
ce; but gh was double of ac ; therefore the angle of. deflection g/ may: 
be reckoned double of the former angle c ae. 

go2. Now though this error of 48 minutes might Be neglected with-- 
out inconvenience, yet to take away all ſcruples I will ſhew how this de-- 
flection of the object-glaſs and all others may eaſily be corrected once for 
all. The object-glaſs being ballanc before and draven down to the 
level of the eye, ſtretch out the ſilk- line with one hand and apply it to- 
your eye; and holding the lantern by the ſide of it with your other hand, 
while the line runs between your fingers in receding from the object- 
glaſs, take notice whether a double image of the candle appears in the 
middle of the lens; and if this ſhall happen when the whole line is run out 
(its length being equal to the focal diſtance of the lens) it is a certain ſign 
that the lens has a true ſituation. But if only one of the images of the can 
dle appears, the lens is ill ſituated, and worſe if neither of them. By ob- 
ſerving on which fide of the ſtring the reflected light is caſt, the wire at 
the end of the ſtick, annext to the object-glaſs, muſt be bent a little to- 
wards the ſame ſide: and then the obſerver muſt examine the reflected 
light again, till he finds both the images of the candle to coincide at the 
end of the extended ſtring; which muſt be drawn by a gentle force equi- 
valent to two or three pounds weight; to which he muſt endeavour to- 
accuſtom his hand. The poſition of the lens being thus adjuſted willſerve: 
for any elevation of it. Too nice a judge may object indeed that when 
the line is obliquely fituated to the horizon, as in making obſervations,. 
the flexure of it will be leſs than when it was horizontal ; but the diffe- 
rence will be exceeding ſmall in a ſtring ſo very light; and as we obſerv- 
ed befare, an exact paralleliſm of the glaſſes is not at all neceſſary. 

903. If it be objected that the wind will occaſion a greatdiſturbance,. 
by driving and curling the ſtring, eſpecially when ſo very long as we have 
mentioned; it muſt be remembered that very long tubes are much more 
expoſed to the like commotions; inſomuch that it is frequently impoſ-- 
fible to make any obſervations while a moderate wind is ſtirring. But at 
theſe times it is well known that no obſervations can poſſibly be made for: 
another reaſon ;, which is, that the tranſparency ef the air, though it 
looks ſerene, is almoſt always vitiated by winds, and rendered unfit to- 
obſerve in. Which happens alſo ſometimes in a very calm and ſerene at 
moſphere, when the ſtars twinkle very much, by the interpoſition of. 
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ro*rremble and fluctuate in the teleſcope, and utterly deſtroy the di- 
ſtinctneſs of their appearance. Infomuch that the goodneſs af the glaſſes 
might often be ſuſpected, if they had not been approved in a more fa. 
vourable atmoſphere. The ſame moiſture does alſo frequently adhere to 


the ſurface of the object- glaſs, and makes objects appear dull. But this 


inconvenience may be prevented by warming the glaſs at a fire. 

904. If the lantern does not project a ſufficient light to a great di- 
ſtance, it may be improved both by uſing a larger wick to the candle, 
and alſo by a broader lens and of a leſs convexity in proportion as the ob- 
jet-glaſs is remoter. | 


"i-90c. There are feveral ways of preparing a pole of a proper height. 


pole that is too weak may be ſtrengthened by another of half the 
height, placed by the fide of it and braced to it by tranſverſe boards; 
or ſtill much firmer by uſing two ſhort poles placed at 2 or 3 feet di- 
ſtance from each other and from the long one in the form of a triangle 
and braced all together. By this means it is eaſy to elevate rhe object-glaſs 
to an hundred feet; and ſtill much higher, either by making a ſtronger pre- 
paration of poles and boards at the nd, or by placing the pole upon 
the top of a turret or the corner of a high building, or even upon the 
middle of the building; where a perſon may ſtand, whole buſineſs it is 
to elevate or — obje&-glaſs according to direction from below. 

96. Becauſe uncxperienced perſons cannot eaſily find out and fol- 
low an object, with this ſort of teleſcope, nor be ſhewn it by another 
without ſome method of fixing the eye-glaſs ; we will now-deſcribe how 


this may be done, by a ſmall machine placed upon a two legged reſt. 


Part of the top of this reſt is repreſented at aa, and a variable rhombus 
made of braſs plates at 55; two of whoſe ſides are produced through their 
interſection / till they equal the ſides of the rhombus. The length of each ſide 
is 5+ inches and the breadth a little above an inch, and the thickneſs one 
tench. This rhombus is fixt at gg to the fide of the upper beam of the reſt 
by an iren {krew-pin, paſſing through one angle of it, and through a 
thin circular ſpringing plate, | Rom concave a little; by which the mo- 
tion of the rhombus } wan the pin may be equable and pleaſant with a 
proper degree of ſtiffneſs. From the oppoſite and ſuperior joint of the 
rhombus, a ſmall axis or pillar projects about half an inch; and from 
the end of it there hangs a moveable plate 4 inches long and half an inch 
broad; which lyes out of fight, being covered by a wooden handle d of 
the ſame — and riveted to it. Into a dove - tailed channel made length- 
ways in the foreſide of the wood, is inſerted another plate e, which upon 
a. very ſmall axis ſupports the ſtick and tube that carries the eye- glaſs. And 
the whole is ballanced or counterpoiſed upon the axis f by proper weights 
irrt to-the ends of the two ſides of the rhombus that were produced. 
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Things being thus ordered to whatever place the obſerver ſhall 
move the eye- glaſs by the handle d, while it always hangs downwards, 
there it will remain at reſt; and thus may another experienced perſon ſuc- 
ceed the obſerver to view any object already found for him. For the reſt 
being placed a little inclining, the tenſion of the line that connects the 
glaſſes will keep it from falling, though it has but two feet; and the 
gravity of the reſt thus leaning towards the ſpectator, will keep the ſtring 
to its due tenſion ; ſo that a more convenient contrivance cannot be with- 
ed for. The height of our reſt is 4 feet 9 inches, and its weight is 2 
pounds and 3ths. The weight of the eye-glaſs, tube and ſtick annexed is 
2a pound. That of the rhombus and itscounterpoiſe 2 +, Which I men- 
tion for the uſe of ſuch perſons as may be deſirous of having a like appa- 
ratus to ours, which by experience we have found moſt convenient. 
go8. To perfect this method of obſerving I will mention one con- 
trivance more, which in ſome kinds of obſervations is very uſeful. In 
ſearching very diligently for thoſe ſatellits of ſaturn which Caſſini diſ- 
covered, I perceived a great difficulty in finding them our, unleſs the 
night was very dark ; and ſoon underſtood that a faintiſh light in the air 
was the cauſe of it; not that which comes through the object- glaſs, but 
what _ by, round about the ſides of it. To intercept this troubleſome 
light I put up the paper-umbrella round about the object-glaſs, which I 
uſed for the moon; and upon farther conſideration I added another ex- 
pedient of greater efficacy; and this in effect was to contract the pupil 
of the eye, (which in the dark is very much dilated,) by looking through - 
a very ſmall hole made in a thin plate held cloſe to it. Through this I 
could preſently perceive three ſatellits of ſaturn very plainly, but when 
I removed the plate I could only perceive the middlemoſt of them, 
which I formerly diſcovered, But becauſe the object is not ſo eaſily found 
when the pupil is thus contracted as when it is wider, therefore I fixt 
that little perforated plate to a ſmall joint at & ſhaped like a greek A, 
which turned upon a pin in the bottom of the tube that carries the eye- 
glaſs; in which bottom there is a larger hole to look through for finding 
the object, before the little plate with the ſmaller hole is ſlipped over it. 
90g. It may poſſibly be thought that the object ſhould appear darker 
through the ſmaller hole than through the wider. Bur this is certain, if 
the diameter of the ſmaller hole, be to the diameter of the aperture of 
the object-glaſs, as the focal diſtance of the eye-glaſs, is to that of the 
object-glaſs, that every thing will appear juſt as bright through the te- 
leſcope as if that hole was removed. Neverthelefs it is better to double 
this breadth of the hole or rather more, to facilitate the finding of a ſtar 
and to keep it longer in view. The breadth of this hole applyed to our 
34 foot teleſcope, is about the fixteenth part of an inch, and its diſtance 
2 is exactly 2 4 inches, which is alſo its preciſe focal di- 
22 ſtance. 
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262 To MANAGE LONG TELESCOPES,” Book 2, | 
ſtance. And this place of the hole muſt be accurately adjufted ; be- 
cauſe if it be ſituated any where eiſe, you cannot ſee ſo much at one view 
through the teleſcope as uſual. And the place of it is eaſily adjuſted by 
bending the joint it is fixt to, either to you or from you; having placed it 
at firſt about half an inch from the end of the tube. 

910. The diameter of the paper- umbrella ſhould be about the 45th 
part of the length of the teleſcope. And becauſe the interpoſition of it- 


creates ſome difficulty in finding an object; to obviate this inconvenience, } 


I ere& a perpendicular fight m upon the ſtick annexed to the eye- glaſs; 
the top of it being elevated as high above the axis of the teleſcope as the 
upper margin of the umbrella. Therefore by raiſing the eye till we can 
juſt ſee the ſtar over the upper edge of the umbrella, and then bringing 
the ſight or top of the ſtyle into the ſame line, when the eye is removed 
you will alſo nd the ftar in the teleſcope or very near it. By a little uſe 
and practice this method of obſerving becomes very eaſy. So far Mr. 
Huygens. | | 
911. Signor Blanchini in his book upon the Rotation of Venus, pag. 
59. refers to ſome farther improvements of this method by Huygens him- 
ſelf; which he ſays were printed in the Memoirs of the Royal Academy 
of Sciences at Paris about the year 1712, but I could not find them. 
912. Mr. de la Hire's little machine for managing the object-glaſs, 
is this 2, „J take, ſays he, an oblong piece of wood EF of a conve- 
nient ſhape and magnitude, and to the ends of the upper fide of it I fix 
two cylindrical ſtaffs GH, IK to ſerve as an axis. Then I bore a hole 
through the middle of the piece EF at right angles to that axis: through | 
this hole there paſſes another wooden axis S. LM, two wooden nuts L, 1M 
being ſkrewed over each end of it, to keep it from dropping through the 
hole. To its upper end & there is fixt an upright ſquare board AC with a 
circular hole in it, to receive the obje-glaſs. Ta the bottom corners of 
this boardare fixt twoequal wooden rulers, which meet at N and form an 
equicrural triangle, whoſe plane is perpendicular to the board ABCD. 
Under the corner N is fkrewed in a wooden pin, to which the long ſtring, ? 
for moving the obje&-glaſs is tied, as much below the line CD as the 
axis GK; which lyes upon two tenter-hooks O, P. To keep off the dew 
from the obje&-glaſs he preſcribes to include it in a paſteboard tube, made 
of ſpongy paper to ſuck upthe humidity of the air. And to find an object 
more readily he preſcribes a broad annulus of white paſteboard to be put 
over the tube that carries the eye-glaſs, upon which the picture of the 
object being painted, an aſſiſtant that ſees. it may direct the tube of the 
eye Slate into the place of it: or that the obſerver himſelf may ſee it, he 
Preſcribes to receive it upon a ring of tranſparent oiled , paſted upon 
a circular frame inſtead of the paſteboard. A TI 9 
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ena It, © WITHOUT TUBES . 383 
| CnArTER XI. 


Hir Thac Newton's reflefing teleſcope made and deſcribed by 
the Honourable Samuel Molyneux Eſquire, and preſented 
by him to his Majeſty John V. King of Portugal: with 
other kinds of mechaniſm for this and for Mr. Gregory's re- 
fecling teleſcope. | 


913. A BCrepreſents a triangular board or table ſupported by the globe The pedetal 
D and by the annexed carvings and maſks ; this ſerves for naeh 

the baſis or pedeſtal of this inſtrument. Upon occaſion this board may be teleſcope. 
taken off by unſkrewing three iron ſkrews, the heads of which lye near Fig: 617. 
the three volutes at the three corners. At E is repreſented a ſmall key or 
handle, which turns ſome wheel-work concealed under the board of the 
table, and which ſerve to give an horizontal circular motion to the pil- 
lar F, placed in the middle thereof, and to the ſuperincumbent tube 
HIKL. If this ſhould ever be out of order, by taking off the upper board 
as aforeſaid it may be rectiſied. At G is repreſented another bandle which 
gives the tube its perpendicular motion ; ſo that while the obſerver fits 
with his right fide applyed to the ſide of the table AC at the end C; by 
turning the two handles E and G he can give the tube any required ele- 
vation or azimuth, and thereby follow the motion of the heavenly bodies 
very commodiouſly. | 

914. The reflecting teleſcope it ſelf conſiſts of two metalline * The reſſectint 
and an eye - glaſs, which are to be duly placed in the tube HIKL left open *. 
at the end HL. The large concave ſpherical ſpeculum i is to be placed 
within the tube at IK, in which are fixt 3 ſtops or bits of wood, againſt 
which the poliſhed ſurface of the — being applyed, the axis of 
reflection will fall exactly in the axis of the tube. In the braſs-· plate which 
cloſes this end of the tube, there are three ſkrews intended for holding 
the metal in this ſituation. As to this metal and the placing of it in the 
tube, many cautions are neceſſary to be obſerved. In the firſt place it is 
neyer to be touched but by ſkrewing into its backſide a handle I which 
fits the hole therein. In the next place great care muſt be taken never to 
breath in the leaſt upon it, and to expoſe it as little as poſſible to any 
damp air. If any thing of that kind happen, it ſhould be wiped with a 
thorough dry linnen cloth before a fire; and it may be ſometimes in like 
manner cleaned with a clean rag wetted in ſpirit of wine; provided the 
ſpirit be not left to evaporate ; for that would leave an humid ſediment 
hereupon, ſufficient to hurt the fineneſs of its poliſh. Thirdly unleſs 
when in uſe it ſhould be TT kept with the face applyed w_ 
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264 THE MACHINERY OF | BOOK; 3. 
- wards upon the piece of plain glaſs, fixt for that purpoſe in the round 
"WE cell in the red box, : 
— . The ſpeculum is formed as a portion of a cencave ſphere whoſe 
Flcing them, ſemiradius is about two foot 2 inches. The laws of reflection are ſuch 
that any error in its figure will produce about fix times as great an irre- 
gularity in the picture formed in its focus, as the like irregularity would 
cauſe in a common refracting teleſcope. We have found by experience 
that an error of leſs than r inch is capable of viriating its figure; ſo 
that great care muſt be taken in placing the metal in the tube for uſe, 
againſt the three ſtops aforeſaid ; that the three ſkrews at IK be gently 
and tenderly fkrewed, only juſt ſufficient to bear the metal truly againſt: 
the ſtops ; for the ſmalleſt exceſs of ſtreſs in the ſkrews againſt the back 
of the metal, may diſtort and very much damage its figure. There is alſo- 
a piece of wood having a round hole p in it, and carrying a ſmall braſs: 
arm # which holds the other ſmaller ſpeculum , which is a | wag This: 
ſpeculum mult be always preſerv'd from the air, when out of uſe. When 
* teleſcope is to be uſed the cover of the ſmall ſpeculum muſt firſt be 
taken off; then place it in the tube at the hole M which exactly fits the 
aboveſaid ſquare piece. Preſs it in 7 tight and true, which if duly 
performed, the center of this ſmall ſpeculum will be placed in the axis 
of the large concave one, and will reflect all the parallel rays (which enter 
at the open end HL) to the round hole pin the ſaid ſquare piece, in which 
hole one of the two eye-glaſſes in its cell q is to be placed; and then the 
inſtrument is prepared for uſe. | 

The poſture 916. The obſerver is therefore to place himſelf at the fide of the tube 
ke Fe obſcr- and to look in at M and he will then ſee the objects that lye at his left hand. 
; This ſort of teleſcope in reſpect of a common glaſs one being to be uſed in 
the ſame manner as a German Flute is in reſpe& of a common one. 
Some cautions are here to be given in reſpec of the little ſpeculum at o. 
In taking it out and putting it in again to its place in the box where it is 
laid by, when out of uſe, care muſt be taken not to ſhake or bend the 
arm; for the ſmalleſt accident of that kind will ſenſibly diſorder its fitua- 
tion. Three ſkrews may be ſeen at the back thereof, the middle one of 
theſe fixes it to the arm un, the other two only preſs upon the back and 
ſerve only to adjuſt its ſituation to an exact angle of 459 with the axis of 
the great ſpeculum. This has been already 2 but if any ſhock or 
other accident ſhould put it out of its place, it may be reſtored by theſe 
ſkrews. For whenever this inſtrument is uſed, the due performance of 

it abſolutely requires a true ſituation and direction in this ſpeculum. 

The eye-gla- 917. There are two eye-glaſſes whereof one that hath the 

fying power, aperture being made uſe of, the inſtrument will magnify as much as a 
common refracting teleſcope of about 20 or 22 feet long ; and with the 
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n REFLECTING: TELE $0'0P ES,” 365 
s chat hath the ſmalleſt apertures it will magnify as much and as | 
ay as one of 35 or 40 feet. | 2 TT 2 
918. In comparing the effects of this inſtrument with thoſe of a tele- 4 deception in 
ſcope of that length, one very odd phenomenon is here to be mention. 2 — 
and that is, that ones imagination is always miſled in comparing their pas 
effects. For alchoygh by the minuteneſs of the parts viſible in the object 
obſerved, as alſo by the proportion between the focal diſtance of the eye- 
plaſs made uſe of and the focal diſtance of the great ſpeculum, it be de- 
monſtrable that the diſtinctneſs and magnifying power thereof excceds 
that of a tefracting teleſcope of 35 feet; yet the ſpectator will always 
fancy that the refracter hath the adyantage of this inſtrument. This may 

perhaps be attributed to the eye looking through ſo ſmall a hole as is ne- 

lar in this inſtrument; ſome other accounts may perhaps be given of 

this odd deception, but we need ſay no more here but that it will be 

certainly found upon a ſtrict examination to be but a deception, and pro- 

bably an univerſal one to all perſons. 24 

919. At P ſtands a round button of. ivory, and at & is repreſented a Diſtinct vifion 

Wall pin of ivory, which may be ſeen with a ſmall white thread fixt to bo procured. 

it, .at the end of the tube H. This thread at the other end is fixt in the . - 

inſide of the tube; and towards the middle of it, it is wound once round 

the inward end of the ivory button P; from this diſpoſition by turning 

round the ivory button P, the whole flider of black ebony wood NO, 

with the ſmall ſpeculum and the eye-glaſs applyed at M, may be made 

approach to or recede from the large ſpeculum at the other end IK; 

and by this means its true diſtance and the diſtinct appearance of the ob- 

jeetmuſt be found; for various diſtances of the ſame object and for the 

yarious eyes of different obſervers ; which variety in different perſons, 

from the great magnifying power of the eye-glaſs in this inſtrument, 

Will be conſiderably more ſenſible than in a refracting teleſcope. But the 
vue diſtance of the ſpecula will immediately be found in all caſes by turn- 
ing this ivory pin P backwards and forwards very ſlowly and gently; and 
tor celeſtial objects the true diſtance being once found for the obſerver's 

e, a ſmall mark may be made acroſs the ſlider, and upon the edge of 

tube to bring it ſpeedily and without any difficulty to its prone place 

at another time. By the little ivory pin at Q the ſtring may be tightened 
or relaxed to make the ſlider NO move moſt eaſily as occaſion ſhall re- 
quire. Either of the eye-glaſſes, being applyed in the cylindrical hole þ 
n the ſquare piece mp, may alſo be made to approach or recede from the 
focus, by turning round the ſmall tube q in which they are inſerted, the 
outhde whereof is wrought into a fine 33 for that purpoſe. And di- 
inet viſion may alſo by that means be obtained for different eyes without 
moving the whole ſlider NO. IE | 


j 


920, 


The finder 
| deſcribed. 


ſervations. 


movingthis 
teleſcope. 


Mr. Hadley's 


machine for 


> 


366 TAE MACHINERY OF © Book z. 
920. RS repreſents a ſmall refracting teleſcope whoſe axis is parallel 


to the axis of the reflecter. In its focus there are placed two croſs hairs, 


and its only uſe is the more readily to find any object by the reflecter. 


The eye beingapplyedats, turn the two handles at E and & till the point 


of the object to be viewed in the reflecter, falls exactly on the croſs hairs; 
then the eye applyed at M to the reflecter will ſee the fame object: with 
this caution that as the whole inſtrument with the whole baſis can eaſily 
be moved, the moſt convenient ſituation for the obſerver will be to kee 
the tube HT nearly at right angles to the fide AC, and to fit with the fide 
AC flat againſt his right ſide near C, as hath been already mentioned. And 
im finding the object at firſt with the ſmall refracting teleſcope, it is moſt 
convenient to ſtand at the corner of the table C. The handle G may be in- 
ſerted at either fide of the pillar Fas convenience ſhall require. At the 
ſmall pillars TY which ſupport and hold-the ſmall teleſcope RS, there 
are ſome ſmall ſkrews near 7, which being relaxed the direction of the 
tube RS may be altered horizontally by puſhing the tube with the hand 
ſideways either way as occaſion requires and then PR the ſkrews 
again. And at there are ſkrews and a ſpringing piece of braſs, which 
being relaxed or tightened will in like manner alter its elevation, ſo as 
to reſtore the paralleliſm of the tubes in caſe of any accident that may 
have diſturbed them. In obſerving, it is convenient not to touch the table 
in any part, and only to move the handles as the morions of the ſtar ob- 
ſerved requires; for in an inſtrument that magnifies ſo much, the ſmalleſt 
motion or trembling is alſo magnified proportionably, and will be found 
inconvenient. 


A pure airne- 9a l. In conſidering the effects of this reflecting teleſcope, it muſt 
ceſſary for 


farther be noted, that for ſeeing clearly and well with it there is required 
a very clear equable and undiſturbed air. For if there be any vapours 
moving and undulating in the atmoſphere, which often happens though 
the night appears clear to the naked eye, theſe will entirely deſtroy the di- 
ſtinctneſs of the appearance: and it often happens that the air in this re- 
ſpect, at leaſt here with us at Kew, will ſo ſuddenly and fo totally alter, 

at the object will appear very diſtinct and very confuſed afterwards in 
3 or 4 ſeconds of time; and the air is ſometimes ſo very variable that ob- 
jects will appear inſtantaneouſly to change, from being very clear to be 
confuſed, and then to be clear again. It will therefore be proper to ac- 
cuſtome ones ſelf to the fluctuating appearances of ſome land- objects, ſeen 
in the day time through the reflecter; leſt the undulating appearances 
of the planets in the night may deceive one, and incline one to think this 
inſtrument doth not ſucceed ſo well as it is certain it will in a pure un- 
diſturbed air. 

922. This other machine, for giving the horizontal and vertical mo- 
tions to the teleſcope, is drawn according to Mr. Hadley's deſign 4 3 

| alter 


CHAP. 11. REFLECTING TELESCOPES. 367 
altered by experience a. Here a4 is an oblong board firmly ſupported by 2 Phil. Tranft 
four —_ d, e, f ; but the two foremoſt c, d, being inclined — = Fic. 370 
united in one foot, the machine reſts upon 3 feet connected by a ſtrong 
triangular board g lying parallel to the board ab. Between the hinder 
ends of theſe boards there paſſes a ſtrong wooden axis hi, having a ſteel 
int fixt in the lower end of it, which reſts in a hollow conical point, 

unched in the end of a thick braſs pin &, ſkrewed through a nut in the 
E board g. The upper end of the ſaid axis hi, paſſes through a large 
notch p/m 8 cut in the end of the upper board a6, repreſented ſeparately 
below the figure: and the ſaid axis is here ſurrounded by a braſs hoop u 
well poliſhed and firmly fixt to it ; and this hoop is touched in two places 
by two pieces of poliſhed ſteel, drove into the ſides of the notch I and 
in a third place o, by the back of a ſpringing arch pog, preſſed againſt it 
by the heads of two ſkrews that go into the end of the board. To the top 
of this axis i another board rs, lying parallel to 46, is firmly fixt; and 
under its fore. end r, which projects a little beyond the under board 46, 
a ſhort piece t is fixt, and is joined to the axis 47 by the braces v, x, ſo as 
to form a ſort of a crane ; which by turning about the axis h, gives an ho- 
rizontal motion to the tube of the teleſcope, while it reſts upon two oppo- 
fite pins fixt in the ſides of it and lodged in two braſs notches, fkrewed to 
the tops of the parallel wooden cheeks y, z, that are fixt upright upon the 
oppolite ſides of the board rs. And this motion is gradually communi- 
cared by turning the head of a pin r, which goes down through a hole 
in the board rs, juſt clear of the end of the board 46. For this end being 
formed into an arch concentrick to the axis hi, there is a ſtring fixt to one 
end of the arch, which being applyed againſt the convexity of the arch and 
lapped once round the pin r, is alſo fixt to a pin at 4 at the other end of 
it, and being lapped about the pin, is tightened thereby. 

923. The hinder end of the tube of the teleſcope is juſt made to pre- 
ponderate by the weight of the metal lodged in it. And then by means of 
a ſilk line 1, 2, 3 hung by a loop upon a hook 1, fixt under the fore- end 
of the tube, and thence paſſing under a pully 2 fixt to the moveable board 
75, and from thence winding round a cylinder 3, 4, that turns round in 
two holes in the cheeks y, z, the tube is gradually elevated or depreſſed, 
by turning the knob 4 at the end of the cylinder; whoſe motion is adjuſt- 
ed to a proper degree of ſtiffneſs by compreſſing two braſs arches 5, 6, 
ſhaped like a pair of tongs, againſt the far end of the cylinder, by a ſkrew, 
paſſing through their legs, as repreſented at the fide of the figure. The 
tube of the teleſcope ſhould have been drawn octangular; and under the 
board ab a drawer is omitted, where the metals and eye-glaſſes are laid by 
when out of uſe. Rug 1 

924. A little machine for ſupporting and 2 Mr. James Gre- Mr. Janes 


gory's reflecting teleſcope, brought into uſe by Mr. , and generally leis ele. 8 


—. 


1 


Big. 619. 


Phil. Tranſ. 
N“. 420. 


68 . R. HADLET'S nok z. 
made about 16 inches long, (being then equivalent to a common dio 


trick teleſcope of 15 or 16 feet,) is contrived in this manner. The baſe of 
the pedeſtal 40 is a thick board à, — upon 4 braſs feet underneath 
it; one of which being a pin, p, that ſkrews through the board, will 
make it ſteady upon any uneven plane: & is a ſmall upright pillar about 
a foot long, fixt in the board a; and cd is a braſs arm that ſkrews into it; 
de is a-ſhort-braſs piece that turns round upon the end of the arm cd and 
is tightened and ſtayed by the ſkrew d; e is a hollow ſocket having a 
round braſs ball in it, moveable any way, and tightened and ſtayed by a 
{krew or two not here expreſſed. The neck of this ball is fixt to the mid- 
dle of a long braſs piece fg, which is fixt along the fide of the tube hi, 
by the ſkrews f,g; and may be taken off at pleaſure. Thus the tube is 
ſupported and made capable of being gradually moved and ſtayed in any 


poſition. The larger concave metal, having a hole in the middle of it, 


is bdged at the bottom of the thicker tube 47; and the ſmaller concave 
metal is held in the axis of the tube, near the mouth of it, by a ſmall braſs 
arm coming through a lit in the tube at H. The long iron wire hi &, on 
the outſide of the tube, ſkrews through a hole in the arm at þ; and is 
confined from moving lengthways by two ſhoulders on each fide of a 
ſmall hole in a fixt plate at :; and being turned round it ſelf by the knob at}, 
it draw the arm and little concave backward or forward, in order to pro- 
cure diſtinct viſion of objects at various diſtances, and for eyes of diffe- 
rent ſorts; while the obſerver is looking in at the end /, of a ſhort ſlender 
tube that is ſkrewed into the end of the larger, and carries the eye-glaſſes. 
When this teleſcope is uſed at home, the pedeſtal 26 may be placed upon a 
table near a window or upon the window-board; but when it is uſed a- 
broad the pedeſtal may be left at home. For having tapped a hole in the 
ſide of a tree or any piece of wood with the hand-auger , the wood- 
ſkrew at the end c of the arm cd may be preſently ſkrewed into it; the 
auger n being put through the hole c to give power to the hand in turn- 
ing the ſkrew. The theory of this teleſcope has been ſhewn by the by in 
art. 30a, and ſhall be farther explained in the Remarks upon art. 125. 


CnuarTeR XII. 


The deſcription. of a new reflecting inſtrument for taking an- 
gles at Sea. By John Hadley E/quire, Yice-Prefident of 
the Royal Society. 


925+ * = inſtrument is deſigned to 'be of uſe, where the motion 

; of the objects, or any circumſtance occaſioning an unſteadi- 
neſs in the common inſtruments, renders the obſervations difficult or 

 auncertain, | 


926. 


AF continued cuts the line GK ;) the points A and N will appear to it 
nn 3 — 


— 
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926. The contrivance of it is founded on this obvious principle in 
catoptricks: that if the rays of light diverging from, or converging to 
any point, be reflected by a plane poliſhed ſurface, they will, after the re- 
flection, diverge from, or converge to another point on the oppoſite fide 
of that ſurface, at the ſame diſtance from it as the firſt; and that a line 
perpendicular to the ſurface paſſing through one of thoſe points, will 
paſs through both. Hence it follows, that if the rays of light emitted 
from any point of an object be ſucceſſively reflected from two ſuch po- 
liſhed ſurfaces ; that then a third plane, perpendicular to them both, 
paſſing through the emitting point, will alſo paſs through each of its 
two ſucceſſive mn made by the reflections; and that theſe three points 
will be at equal diſtances from the common interſection of the three 
planes: and if two lines be drawn through that common interſection, 
one from he original point in the object, the other from that image of 
it which is made by the ſecond reflection; they will comprehend an an- 
gle double to that of the inclination of the two poliſhed ſurfaces. | 


927. Let RFHand RGI wy the ſections of the plane of the Fig. 620. 


figure by the ——5 ſurfaces of the two ſpecula BC and DE, erected 
perpendicularly thereon, meeting in R; which will be the point where 
their common ſection, perpendicular likewiſe to the ſame plane, paſſes 
it; and HRT is the angle of their inclination. Let A be a ray of light 
from any point of an object A falling on the point F of the firſt ſpeculum 
BC, and thence reflected into the line FG, and at the point G, of the ſe- 
cond ſpeculum DE, reflected again into the line G K; produce GF and 
KG backwards to M and N, the two ſucceſſive repreſentations of the 
point A; and draw RA, RM, and RN. = 

928. Since the point Ais in the plane of the ſcheme, the point M will 
be ſo alſo by the known laws of catoptricks. The line FM is equal to 


FA, and the angle MEA double the angle HFA or MFH; conſequent- 


ly RM is equal to RA, and the angle MR A double the angle HRA or 
MRH. In the ſame manner the point N is alſo in the plane of the ſcheme, 
the line RN equal to RM, and the angle MRN double the angle MRI 
or [RN : ſubſtract the angle MRA from the angle MRN, and the an- 
cle AR N remains equal to double the difference of the angles MRI and 
MR H, or double the angle HR, by which the ſurface of the ſpeculum 
DE is reclined from that of BC; and the lines RA, RM and RN are 
equal. its: HOY | 

2925 Corol. 1. The image N will continue in the ſame point; al- 
chough the two ſpecula be turned together circularly on the axis R, ſo 
long as the point A remains elevated on the ſurface of B C: provided they 


retain the ſame inclination; - - - | 


ert! | Na FR TOTS Bog. "S 
930. Corel, 2. If the eye be placed at L, (the point where the line 


F 


Y 


— 


* 
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at the angular diſtance AL N, which will be equal to AR N. For the an. 
gle ALN is the difference of the angles FG M and GFL; and FG Nis 
double FG, and GF double G FR, and conſequently their difference 
double FRG or HRT: Therefore L is in the circumference of a circle 
paſſing through , N, and ec. 0 | 

931. Corel. 3. If the diſtance AR be infinite, thoſe points A and N 
will appear at the ſame angular diſtance, in whatever points of the ſcheme 
the eye and ſpecula are placed: provided the inclination of their ſurfaces 


remains unaltered, and their common ſection parallel to ic (elf. 


93a. Corol, 4. All the parts of any objects will appear to an eye view- 
ing them by the two ſucceſſive reflections, as before deſcribed, in the ſame 
en as if they had been turned together circularly round the axis at 
R, (keeping their reſpective diſtances from one another, and from the 


axis,) with the direction HI, i. e. the ſame way the ſecond ſpeculum DE 


reclines from the firſt BC. 


9233. Corol. g. If the ſpecula be ſuppoſed to be at che center of an in- 


finite ſphere; objects in the circumference of a great circle, to which 
their common ſection is perpendicular, will appear removed by the two 
reflections, through an arch of that circle, equal to twice the inclination 
of the ſpecula, as is before ſaid, But objects at a diſtance from that cir- 
cle will appear removed through the ſimilar arch of a parallel: therefore 
the change of their apparent place will be meaſured by an arch of a great 
circle, whoſe chord is to the chord of the arch equal to double the incli- 
nation of the ſpecula, as the ſines complements of their reſpective diſtan- 
ces. from that circle are to the radius: and if thoſe diſtances are very ſmall, 
the difference between the apparent tranſlation. of any one of theſe ob- 
jects, and the tranſlation of Hale which are in the circumference of the 
great circle aforeſaid, will be to an arch equal to the verſed ſine of the 

iſtance of this object from that circle, nearly as double the fine of the 


2 of inclination of the ſpecula, is to the ſine complement of the 
me, wes N n 45421 T7 

934. For let OBCinthe annexed figure repreſent an infinite ſphere, at 
whoſe center R are placed the two ſpecula inclined to one another in any 
given angle, and let their common ſection coincide with the diameter 
ORC. Let BAN be the circumference of a | gn circle, to the plane of 


which the common fection of the ſpecula ORC is perpendicular, and BR 
its radius: let an be the circumference of a circle parallel to BAN, and 
at the diſtance from it Bb: draw D the ſine, and ir the ſine comple- 
ment of the arch B: B Dis the verſed fine of the ſame. Let A be a 


point of an object placed in the circumference of the great circle BAN, 


and N the point in which its image is formed by the two ſucceſſive re- 
ne I'D AY flections, 
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fictions, as before deſcribed ; and let a be a point of another object pla. 
ced any Where in the circumference of the parallel San, and n its image 
and let ahn be an arch of a great cirele paſſing through the points à and 
u. The point a is at the ſame diſtance from the great circle BAN, as the 
point 2 i. e. at the diſtance BS. Draw AR, AN, RN, ar, an, rn, aR 
and u 13 | Fi | F406 F N 7 Hp! 

935. By the fourth corollary the figures ARN and ar n are ſimilar, PARK 
and conſequently the line AN is to the line an as AR or BR is to ar ior _ 
br, i. e. as the radius is to the ſine complement of the diſtance Bb. But 
AN is the chord of the arch AHN of the great circle BAN equal to the 
tranſlation of the point A, or double the inclination of the ſpecula, and 
an is the chord of the arch an of a great circle, meaſuring the angle 
aRn, by which the point @ appears removed by the two reflections, ito 
an eye placed in the center R. Therefore the tranſlation, or apparent 
change of place of the point @ is meaſured by an arch of a great cirole, | 
whoſe chord is to the chord of the arch AHN (equal to double the incli- 
nation of the ſpecula) as the fine complement of its diſtance from the great 
circle; RN to the fjE ili ht) HR DO RIO We! 2450 ORPRERR Gl 

936. From any point C of the circumference O BC dra the chords. 
CNand Cm, to the ſame fide of the point C, and equal to the chords 
AN and an reſpectively, draw the radius RM, and from N and n draw. 
RY and P, both perpendicular to CM, and cutting it in and P. 
R is the ſine complement, and CM double the fine of half the angle 
MRC, or AR N, or of the angle of inclination of the ſpecula. The little 
arch Mm will repreſent the difference of the apparent tranſlations of the 
objects in A and a; and if it be very ſmall, may be looked on as a ſtraight 
line, and the little mixed triangle Mm P as a rectilinear one, which will 
be ſimilar to RM, becauſe RM is perpendicular to Mm and R. to 
CM, and the angles at 2 and P right angles. The line CP may be taken 
as equal tg Cm, and MP as the difference of the lines CM and Cm. 'There- 
fore the little arch Mm is to the line MP nearly as RMto R but CM 
(i.e. AN) was to Cm (i. e. an) as BR to br, and the difference MP of 
CMand Cm to the difference BD of BR and br, as CM to BR. There- 
fore Mm, the difference of the apparent tranſlations, is to BD, the ver- 
{cd fine of the diſtance Bb, or to an arch equal to it, in the compound 
ratio of RM the radius to R the fine complement of the angle of incli- | 
nation of the ſpecula, and CM double the ſine of the ſame to BR the ra- 
dius, 1. e. as CM tro Ra. 41 1 Fo "orgy: . 
937. The obſervation. may be corrected by one eaſy operation in tri- 
gonometry, as will, appear from the firſt. part of this corollary, viz. by 
taking the half of the angle obſerved, and then finding another angle, 
whoſe {ine is to the fine *y that half, as the ſine complement of the di- 
{tance Bb is to the radius: this angle doubled, will be 8 
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of the objects. But as this operation, though eaſy, will require the uſe 
of figures, I rather choſe the method of approximation, becauſe by that 
theiobſerver; retaining in his memory the proportions of the ſines of a 
few particular arches to the radius, may eafily eſtimate the correction 
without figures, when the angle is not great, and by a line of artificial 
numbers and fines, may always determine it with greater exactneſs than 
will ever be neceflary, gf 913 7: | 

938. When the angle obſerved is very near 180 degrees, the correc- 
tion may be omitted; for then it will be eaſy to keep the plane of the 
inſtrument ſo near that of the before- mentioned great circle, as not to 
want any, if the fituation of that circle be known: if it be not, the ob- 
ſerver, when he ſees the two objects together, may turn the inſtrument 
on the axis of the teleſcope, till he finds that poſition of it by which he 
obtains the leaſt angle; and this (if the ſpecula are ſer truly perpendicu- 
lar to the plane of the inſtrument) will always happen when the objects 
appear to coincide in the line gh, as expreſſed in he figure. 

9390. The inſtrument conſiſts of an octant ABC, having on its limb 
BCan arch of 45 degrees, divided into go parts or half degrees; each of 
whieh anſwers to a whole degree in the obſervation, It has an index ML 
moveable round the center, to mark the diviſions: and upon this, near 
the center, is fixed a plane ſpeculum EF perpendicular to the _ of 
the inſtrument, and making ſuch an angle with a line drawn along the 
middle of the index, as will be moſt convenient for the particular uſes 
the inſtrument is deſigned for; (for an inftrument made according to fig. 
622 the angle LF M may be of about 65 degrees.) IKG H is another 
ſmaller plane ſpeculum, fixed on ſuch part of the octant as will Iikewiſe 
be determined by its particular uſe, and having its ſurface in ſuch di- 
rection, that when the index is brought to mark the beginning of the dĩ- 


viſions (i. e, o) it may be exactly parallel to that of the other; this ſpe- 


eulum being turned towards the obſerver, and the other from him. PR 
is a teleſcope fixed on one ſide of the octant, having its axis parallel to 
that ſide, and paſſing near the middle of one of the edges IK or IH of 
the ſpeculum IK GH; ſo that half its object- glaſs may receive the rays 
reflected from that ſpeculum, and the other half remain clear to receive 
them from a diſtant object. The two ſpecula muſt alſo be diſpoſed in 
fuch manner, that a ray of light coming from a point near the middle of 
the firſt ſpeculum, may fall on the middle of the fecond in an angle of 
70 degrees or thereabouts, and be thence reflected into a line parallel to 
the axis of the teleſcope, and that a clear paſſage be left for the rays com- 
ing from the object ro the ſpeculum EF by the ſide HG. S is a dark 
glaſs fixed in a frame, which turns on the pin V; by which means it ma 
be placed before the ſpeculum EF, when che light of one of the object 

is too ſtrong: of theſe there may be ſeverll. 
73 8 940. 
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940. In the diſtinct baſe of the teleſcope, repreſented by the circle Fig. 623. 


abcdef, are placed three hairs, two of which, ac and 5d, are at equal 
diſtances from, and parallel co the line gh, which paſſes through the 
axis, and is parallel to the plane of the octant: the third fc is perpendicu- 
lar to gh through the axis. 

941. The inſtrument, as thus deſcribed, will ſerve to take any angle 
not greater than 90 degrees; but if it be deſigned for angles from go to 
180 degrees, the poliſhed furface of the ſpeculum E fig. 622 muſt be 
turned towards the obſerver ; the ſecond IK GA muſt be brought for- 
ward to the poſition NO ſo as to receive on its middle the rays of light 
from the middle of the firſt in an angle of about 25 degrees, their ſurfa- 
ces being perpendicular to one another when the index is brought to the 
end of the divided arch next C; and this ſecond muſt ſtand five or fix 
inches wide of the firſt, that the head of the obſerver may not intercept 
the rays in their paſſage towards it, when the angle to be obſerved is 
near 180*, The ſmaller ſpeculum is fixed perpendicularly on a round 
braſs plate, toothed on the edge ; and may be adjuſted by an endleſs 
ſkrew. 

942. In order to make an obſervation, the axis of the teleſcope is to 
be directed towards one of the objects, the plane of the inſtrument paſſing 
as near as may be through the other, which muſt lie to that hand of the 
obſerver, as the particular form of the inſtrument may require; viz. the 
fame way that the ſpeculum EF does from IKG A, if it be compoſed 
according to this figure and deſcription. The general rule is, that when 
the index is brought to the beginning of the ſcale (i. e. to oe when the in- 
ſtrument is deſigned for angles under o', or to go* when it is deſigned 
for angles from go? to me if then a line be imagined to be drawn on it 
parallel to the axis of the teleſcope, or line of direction of the fight, ſo as 
to point towards the object ſeen directly; which ever way this line is 
carried by the motion of the index along the arch from oe towards go in 
the firſt caſe, or from go towards 180? in the ſecond, the ſame way the 
object ſeen by reflection ought to lie from that which is ſeen directly. 
The obſerver's eye being applied to the teleſcope, ſo as to keep ſight of 
the firſt object; the index muſt be moved backward and forward till the 
ſecond object is likewiſe brought to appear through the teleſcope, about 
the ſame diſtance from the hair cf (fig. 623) as the firſt: if then the ob- 
jects appear wide of one another, as at i and 4, the inſtrument muſt be 
turned a little on the axis of the teleſcope, till they come even, or very 
nearly ſo, and the index muſt be removed till they unite in one, or appear 
cloſe to one another in a line parallel to cf, both of them being kept — 
near the line g h as they can. If the inſtrument be then turned a little o 
any axis perpendicular to its plane, the two images will move along a line 


parallel do gh, but keep the ſame poſition in reſpect of one another ay 
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that in whatever part f that line they may be obſerved, the accuracy of 
the obſervation will be no otherwiſe affected than by the indiſtinctneſs of 
the objects. If the two objects be not in the plane of the inſtrument, but 
equally elevated on, or depreſſed below it, they will appear together at 
a diſtance from the line g, when the index makes an angle ſomething 
greater than their neareſt diſtance in a great circle: and the error of the 
obſervation will increaſe nearly in proportion to the ſquare of their di. 
ſtance from that line; but may be corrected by help of the fifth corollary, 
Suppoſe the hairs ae and hd, each at a diſtance from the line gh, equal 
to eg of the focal length of the object-glaſs, ſo as to comprehend be- 
tween them the image of an object, whoſe breadth to the naked eye is a 
little more than 24; and let the images of the objects appear united at 
either of thoſe hairs: then as the ſine complement of half the degrees and 
minutes marked by the index, is to the doubled ſine of the ſame; ſo is one 
minute to the error which is always to be ſubſtracted from the obſerva- 
tion. Other hairs may alſo be placed in the area abcdef, parallel to gh, 
and at diſtances from it proportional to the ſquare roots of the numbers 
1, 2, 3, 4, &c. and then the errors to be ſubſtracted from the ſame obſer- 
vation made at each of thoſe hairs reſpectively, will be in proportion to 
the numbers 1, 2, 3, 4, &c. This correction will always be exact enough 
if the obſerver takes care (eſpecially when the angle comes near 1800) to 
keep the plane of the inſtrument from varying too much from the great 
circle paſſing through the objects. When the angle is very near 180* the 
correction may be omitted, for then it will be eaſy to keep the plane of 
the inſtrument ſo near that of the beforementioned great circle, as not to 
want any, if the ſituation of that circle be known : if it be not, the ob- 
| ſerver when he ſees the two objects together, may turn the inſtrument on 
the axis of the teleſcope till he finds that poſition of it by which he ob- 
tains the leaſt angle; which (if the ſpecula are ſer truly perpendicular to 
the plane of the inſtrument) will always happen when the objects appear 
to coincide in the line gh, as expreſſed in ag. 623. | 

943. In regard to the workmanſhip, if an exactneſs be required in the 
obſervations, the arch ought to be divided with the greateſt care; becauſe 
all errors committed in the diviſion are doubled by the reflections. The 
index muſt have a ſteady motion on the center, ſo that the axis of it re- 
main always perpendicular to the plane of the octant; for if that alter, 
it will be liable to vary the inclination of the ſpeculum it carries to the 
other: the motion muſt likewiſe be eaſy, leſt the index be ſubject to bend 
edge-ways: for the ſame reaſon it ſhould be as broad at that end next the 
center as conveniently can be. The ſpecula ſhould have their ſurfaces of 
a true flat; becauſe a curvature in either of them, beſide rendering the 
object indiſtinct, will vary its poſition, when ſeen by reflection from dif- 
ferent parts of them: they muſt alſo be of a ſufficient length and bread:h 
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for the teleſcope to take in a convenient angle without loſing the uſe of 
any part of the aperture of its object-glaſs, and that in all the different 
poſitions of the index. They may be either of metal or glaſs plates foiled, 
having their two ſurfaces as nearly parallel as they can; yet a ſmall de- 
viation may be allowed; provided either their thickeſt or thinneſt edges 
(and conſequently the common ſection of their ſurfæces) be parallel to 
the plane of the octant: for in that caſe, though there are ſeveral repre- 
ſentations of the object, they will be always very near one another in a. 
line parallel to cf; and any of them may be uſed, except when the an- 
gle to be obſerved is very ſmall. The chief inconvenience will be, that a 
{mall ſtar will be more difficultly diſcerned, the light being divided among 
the ſeveral images. The teleſcope may be contrived to alter its ſituation, 
ſo as to receive the reflected rays on a greater or leſs part of its objeQ-glaſs _ 
if the objects differ in brightneſs. The ſecond ſpeculum if it be made of 
a glaſs plate, may have a part unfoiled, that when one of them is ſuffi- 
ciently luminous, the leſs bright may be ſeen through it by the whole 
aperture. If the ſun be one of the objects, or the moon be compared with 
a ſmaller fixt ſtar ; their reflected images muſt be ſtill farther weakened 
by the interpoſition of one or more of the dark glaſſes ST. An exact po- 
ſition of the teleſcope is not neceſſary; and the inſtrument may be uſed 
without one, the diſpoſition of the ſpecula with regard to the ſector and 
index, being ſuch as may allow the eye to be brought as near the ſecond 
ſpeculum as may be, and make the inſtrument the moſt commodious for 
the obſerver. 2176 

944. It will be eaſy to judge, that ſcarce any greater degree of ſteadi- 
neſs is requiſite in the pedeſtal, or machine which carries this inſtrument, 
than what is ſufficient for the teleſcope uſed with it: for although the 
vibrating motion of the inſtrument may occaſion the images of the ob- 
jects alſo to vibrate croſs one another; their apparent relative motion will 
be very nearly in lines parallel to cf; and it will not be difficult to diſtin- 
guiſh whether they coincide in croſſing one another, or paſs at a diſtance :- 
and if the ohjects are near one another, and the teleſcope magnifies but a- 
bout four or five times, it may be held in the hand without any ſtanding 
ſupport, In this manner the altitude of the ſun, moon, or ſome of the 
| brighter ſtars from the viſible horizon may be taken at ſea, when it is not 
, too rough. | 
K mw Fig. 624 ſhews an inſtrument deſigned for this purpoſe; differ- pig. 624. 
0 ing from the foregoing ie in the placing the ſpecula and 

teleſcope, with regard to the ſector and index; in this the line drawn a- 

f long the middle of the index falls on the fore ſurface of the larger ſpecu- 
a lum, in an angle of about 4 or 5 degrees. The line of direction of the ſight or 
: theaxis of the teleſcope (if that be uſed) falls on the ſurface of the 3 : 
7 IKG in an angle of about 70 or 715, It has alſo a third ſpecu = at's 


» 
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diſpoſed according to the directions when the angle is greater than go de. 
-grees, whoſe uſe is to obſerve the ſun's altitude by means of the oppoſite 
part of the horizon. On this the line of direction of the ſight falls in an 
angle of about 32 or 33 degrees. In placing theſe two ſmaller ſpecula, 


it will be farther neceſſary to take care that the ſpeculum IK G H does not 


ſtand ſo as to intercept any of the rays coming from the greater one, fixed 


on the index, to the third NO; nor either of them hinder the index from 
coming home to the divided arch. Vis a director for the fight; which 
is neceſſary when the teleſcope is not made uſe of. This conſiſts of a long 
narrow piece, which ſlides on another fixed on the back of the octant, 
and carries at each end a ſight erected perpendicularly on it: it may be 
removed at pleaſure, and exchanged for the teleſcope, which ſlides on in 
the ſame manner, both ſerving indifferently with either of the two ſmal- 
ler ſpecula. The eye is to be placed cloſe behind the fight at V; and the 
thread ſtretched acroſs the opening of the other ſight at Q perpendicular 
to the inſtrument, is to aſſiſt the obſerver in holding it in a vertical po- 
ſture; who is to keep this thread as near as he can parallel to the horizon, 
and the object near the upright one. How far an inſtrument of this kind 


may be of uſe at ſea to take the diſtance of the moon's limb from the ſun 


or a ſtar, in order to find the ſhip's longitude, when the theory of that 
planet is perfected, I leave to trials to determine. 

946. This inſtrument Mr. Hadley tells usa was made of wood, and 
was intended chiefly for taking altitudes of the ſun, moon or ſtars above 
the viſible horizon, either forwards or backwards : and that he has ſince 
procured another to be made of braſs, by Mr. Siſſon, for taking the diſtance 
of any kind of objects. Itis ſupported by a ſingle ſtem ſkrewed to it on the 
under ſide; the lower end of which may reſt on the ground, to eaſe any 
obſerver of the weight of the inſtrument. This ſtem is alſo made to 


lengthen or ſhorten, by which means the inſtrument is brought to the 


proper height for any obſerver's eye, either ſtanding or fitting. Inſtead of 
a ball and ſocket it has two circular arches fixed on its back, by which it 
is readily ſet to any poſition , which the ſituation of the objects may 

require. 
947. This moſt ingenious gentleman has alſo given us a particular 
account of a trial of theſe inſtruments, made at ſea by order of the Right 
Honourable the Lords Commiſſioners of the Admiraly, in the preſence 
of many ſkilful perſons. The reſult of the trial was this, that after all duc 
allowances were made, three obſervationꝭ of the interval between two ſtars, 
taken with the braſs inſtrument, differgd rom Mr. Flamfteed's obſervations 
at land, bur about a minute at a medium; and that a dozen obſervations of 
the ſun's altitudes, taken with the wooden inſtrument while the ſhip lay 
at anchor, were ſo conſiſtent with one another as to differ from the truth 
but about half a minute at a medium; and laſtly chat another * 
| taken 
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taken under ſail while the wind blew hard, differed but a minute from 
the truth, and at another time they agreed together more exactly. Not- 
withſtanding ſo cloſe a conſiſtence among theſe obſervations, it might 
in all probability have been much exacter, had not ſeveral accidents con- 
curred at that time to diſturb it; as that the horizon was not always 
clear of land, and conſequently not ſo readily diſtinguiſhable; that all 
the obſervers were perſons quite unaccuſtomed to the motion of a ſhip; 
which was here very great and quick; this veſſel being very light and 
ſmall, and conſequently more ſubject to be toſſed up and down by the waves. 
Now if the difference of the obſervers heights, thus occaſioned, was a- 
bout 4 or 5 feet, as it was judged to be; it muſt neceſſarily raiſe and fink 
the viſible horizon by turns near one minute, which is nearly the whole 
error in the altitudes abovementioned: by which it appears at laſt that a 
more accurate and commodious inſtrument for the buſineſs of navigation 
can hardly be wiſhed for, 


CHAPTER XIII. 
Of reflefting Perſpettives. 


- 


948, HERE is an inſtrument ſold in the ſhops which ſome call an The open- 


- Opera-glaſs, others a diagonal perſpective; it is properly a re- 
flecting 5 ſo contrived fir 9 * in a ublick place 
that no one can diſtinguiſh who it is you look at, even though they know 
the deſign .of the inſtrument. The 625th * repreſents a ſection of it 
made by a plane paſſing through its axis abc and cutting the plane of a 
little ſpeculum perpendicularly in the line dee. This reflecting plane is 
fixt obliquely in a round ſhort tube g hi, ſkrewed upon the end of the 
perſpectiveꝰs tube hi E, ſo that its axis abc ſhall make about half a right 
angle bc d with the ſpeculum, whoſe poliſhed fide faces the object - glaſs 
bbi, Therefore ſuppoſing rays as abc to go from the eye at a, and after 
reflection at c to paſs through a round hole at o in the fide of the ſhort 
tube, and to fall upon a diſtant object at 9; this object will be ſeen by 
rays returning back in the ſame lines QF ba. The way then to find the ob- 
ject intended to be viewed in the perſpective, is to direct its axis ata right 
angle to the rays that come from the object. For the angle acd being 


made equal to half a right one, and being equal to ec2 *, the angle ga ar. g. 


muſt be a right angle to make up two right ones with the reſt. And if 
the object perceived through the perſpective, be higher or lower than the 
object ſought for, this will be brought into view by turning the perſpective 
to and fro about its axis. | 

949. If the object be too near you to be ſeen diſtinctly with the per- 


—— es — — 


ſpective, turn the other end of it towards your eye; and by looking 


through 


a Art. 23. 


478: oF REPLECTING PERSPECTIVES, Beo, „ 
through the hole x you will ſee the object 5 by the rays-5sfvx coming 
through another hole at 2, oppoſite to the former hole o, and reflected 
at v from another plane ſpeculum parallel to the former and facing the 
eye at x. If the ſpectator be ſhort ſighted, a concave glaſs muſt be placed 
in the hole x, otherwiſe a plane one, to make the inſtrument more like 
a common perſpective. But though it be diſcovered to be a reflecting 
perſpective by the holes in its ſides; yet theſe holes being oppoſite, make 
it impoſſible to be known on which hand the object is placed that the ſpe- 
ctator is viewing. | 
950. In both caſes the reflecting plane neither magnifies nor dimi- 
niſhes the appearance of the object. For in the perſpective, if its axis ac | 
be produced till cq equalsc Q, the reflected rays will diverge as from an 
image at q equal to the object at ; and therefore will fall upon the ob- 
jeQ-glaſs & in the ſame manner as if they had come from the object it ſelf 


removed to 9; with this difference only that the right fide of the object 


will appear on the left hand, and the left fide on the right. Becauſe the 
lines Pp, 2g, Rr, that join the correſponding points of the object and its 
image, are all perpendicular to the reflecting plane de produced?, and con- 
ſequently parallel to one another. But the object appears upright, either 
by the ſingle reflection or through the perſpective provided its eye-glaſs 


-- - "be concave; becauſe higher points of the image q anſwer to higher points 
olf the object Q,, for the reaſon juſt mentioned. The whole inſtrument is 


The Polimo- 
{cope. 


Fig. 626. 


Art. 23. 


| gonernlly about 4 inches long, and is very well made by Mr. Scarlet near 


t. Anne's Church, London. | 1 
95¹. Hevelius in the preface to his Selenography deſcribes an inſtru- 


ment of this kind of his own invention, and commends it as ufeful in 


war eſpecially in ſieges, for diſcovering what the enemy is doing, while 
the ſpectator lies hid behind any obſtacle ; and therefore he calls it a Po- 
limoſcope. For this purpoſe he inlarges the interval þ c between the obje&- 
glaſs and the ſpeculum by a tube of a length ſufficient to project the ſpe- 
culum beyond the obftacle that covers the ſpectator. And for a farther 
convenience of looking'forward, as it were, he propoſes to place another 


plane ſpeculum / at the other end of the tube, to reflect the rays through + 


a hole &/ in its fide, in a direction 40 parallel to, and according tot 
tendency of, the incident rays g; and to place the concave eye-glaſs in 
this hole. By this means the object will fill appear upright, and magni- 
fed juſt as much as if the two ſpeculums were removed, and the ſame 


eye-glaſs was placed in the axis of the tube. For in the rays 2c, oa produ- 


ced through the ſpeculums de, fg, take ci equal to cb and ah equal to 46; 
and ſuppoſing rays to flow both ways through 5 the center of the object- 
glaſs, after reflection from the ſpeculums they will diverge from the points 
b, *. Let two of them fall upon the object in P and R, and ſince the angle 


Pi Ror die is equal rodbe or fg or. f bg; if the eye-glaſs was removed the 


object 
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object would appear under the ſame angle Fhg or Ah as it would appear 
- to the naked eye pony at i; but the reflected rays I, gl, Pong 
fractions into m, In through the 2 &1, are inclined in the ſame 
angle to each other as they would be, if the ſpeculum fg being removed 
they had been refracted through the ſame eye-glaſs placed in the axis of 
che tube, at the ſame diſtance from 4 as it is now from h. And by tracing 
an oblique ray Rehn, it is manifeſt that the object appears upright ; 
it — appears in the ſame poſture with reſpect to right and left as to the 
naked eye. | EY 
952. The length of the perſpective ab muſt not be very great; for 
then it will take in ſo little at one view as to make it difficult to find an 
object. And this was the Author's reaſon I ſuppoſe for ordering a longer 
tube to be joined to it. He ſays the length of his ſhorter tube was 8 inches 
and of the longer 22: by the ſhorter tube I ſuppoſe he means the per- 
ſpective. Thoſe that would be farther informed in the mechaniſm of the 
inſtrument, may conſult this Author in his Selenography p. 24. 


CHAPTER XIV. 
A telgſcopicl Level and its uſes. 


952. A TELESCOPE is of ſingular uſe in the art of levelling ; chat Deſcription of 
is in finding out ſuch tracts of ground as have a continued and el 


a ſufficient declivity, 2 conducting water from place to place; either 
for making rivers navigable, or for draining low grounds, and the like uſe- 
ful purpoſes. Along the fide of a teleſcope 2 or 3 feet long, having croſs 
hairs in its focus, a tube of a ſpirit- level is fixt immutably in a poſition 
parallel to the teleſcope; and when the teleſcope is placed nearly hori- 
zontal upon a three legged ſupporter, there is uſually a contrivance by a 
{krew for altering its elevation very gradually and ſteadily, in order to 
bring the extremities of the air bubble to reſt exactly at two marks, made 


upon the you tube with the point of a diamond. The line fg repreſents Fig. 627. 


the line of ſight drawn from /, the interſection of the croſs hairs, through 
the center of the obje-glaſs; and the pointy 6b, 5 are the marks upon 
the glaſs tube abc. Now while theſe parts of he inſtrument are immu- 
tably ſixt with reſpe& to each other, it is manifeſt that as often as the air- 
bubble is exactly reduced to the marks , 5, the line of fight will always 
be reduced to the ſame poſition with reſpect to the horizon or toa plumb- 
line, It is not at all neceflary in the buſineſs. of levelling that the line of 
ſight and plumb- line ſhould be exactly at right angles; but only that 
the angles they make ſhall be always the ſanme. th 

954. The whole art of levelling confiſts in but little more than a repeti- 


tion ofthe following problem: m_ 8 points in two remote pla- pig 628. 
f | 2 
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ces, it is required to find which is the lower and how much. Let pa and 

brepreſent two ſtraight ſtaffs or poles fixt upright, by means of a plumb. 
line Having placed the teleſcope by the fide of the pole pa, and directed 
the line of fight to the pole 96, alter its elevation by the ſkrew above- 
mentioned, till the air-bubble reſts exactly at the marks upon the tube. 
Then let an aſſiſtant mark the point &, which appears to be oovered by 


the croſs hairs ; and alſo the point 4 exactly upon a level with the croſs 


hairs; which is eaſily done by a common ſquare applyed to the fide of 
the pole p. Then remove the teleſcope to the pole 59, and here let the 
ſame things be repeated; that is let a be the place upon a level with the 
croſs hairs, and e the pointupon the other pole pa, that ck to be co- 
vered by them while the air- bubble reſts at the ſame mark as before. Bi- 
ſect the interval ae in g, and the interval 5d in h, and the points g, þ will 
be upon a level: that is, if we ſuppoſe gpqh to repreſent a long canal 
full of ſtagnating water, the points g, þ will both be in its ſurface; and 
conſequently taking the leſſer depth pg from the greater 95, their dif- 
ference qr ſhews how much the point q'is below the point p or r. 

955. If the places p, q-cannot be ſeen from each other, or if the dif- 
ference of their heights be greater than the length of any common poles; 
then one or more intermediate ſtations muſt be choſen; and by repeat- 
ing the ſame practice between every two ſucceſſive ſtations, we ſhall find 
the level of the extreams. | 

956. When the points g, h are once found upon two poles not far a- 
ſunder, it will be convenient by moving the croſs hairs, to rectify the 
line of fight, ſo as to be nearly coincident with the line gh or with a line 
2 to it; for then in future levellings, at greater diſtances, the marks 

e will be leſs ſubject to fall above or below the poles. 

957. The reaſon of this practice will appear 3 the following prin- 
ciples. iſt That a plumb- line is perpendicular to the ſurface of ſtagnating 
water directly under it, or to a plane conceived to touch the water at the 
point where the plumb- line produced would cut it. adly That the ſur- 
face of a canal or lake of ſtagnating water, extended over the country 


to be levelled, may be taken for a portion of a ſpherical ſurface, not- 


withſtanding that the figure of the earth is not exactly ſpherical. zdly 
That any two points are upon a level which lie in the ſurface of the lake; 
and conſequently are equidiſtant from the center of it, or from the con- 
courſe of two plumb- lines produced. 

958. Now let ach be the angle made by the plumb-lines ae, 5d pro- 
duced downwards, till they meet at c. At any point à of the line az 
make an angle 4 of any given magnitude; 2 you any point d of the 
other line 6c, make the angle cde equal to ca; and let a and my 
duced) meet in 7; and let the line /g b, which biſects the angle /d, cut 
the plumb- line ae in g, and bd in b. I fay the points g, h will be _ p 

| v 
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level, or that cg and ch will be equal. For the angles c ab, ede being 
made equal, and the angle at c being common to the triangles c, cde; 
the remaining angles cha, ced are alſo equal:. Hence the exterior angle a Euc. I. 32. 
chf=(bbf + bfb=ced + f g + gfe=the exterior angle agf 
=)cgh; and by conſequence the legs cg, ch of the triangle cg h are equal, 
which was to be proved. 
59. Now in the practice of levelling the intervals ae, bd are v 
ſmall in compariſon to the diſtance gh, and conſequently the angle of 
or d is very ſmall; and therefore its legs af, fe and bf, fd are very 
nearly in a ratio of equality; and conſequently the line gh, which biſects 
the angle at /, will alſo biſect the intervals ae, bd very nearly; becauſe 
the ſegment ga: ge:: 4 f fe“, and likewiſe the ſegment hb: hd: : M:» gc. VI. z. 
d, that is in a ratio of equality without ſenfible error in the practice 
levelling. 

960. This reciprocal way of levelling ſeems to be the moſt exact of The refraction 
any I have met with, eſpecially if it be per formed by two inſtruments made A M b 
to agree together beforehand ; which may be done by placing them toge- dered. 
ther, and by altering the croſs hairs in either of them, till the ſame mark 
upon a remote object, is covered by both the croſſes, while both the bub- 
bles reſt at their marks upon the tubes. Then may two obſervers find the 
marks upon the oppoſite poles at the fame time; and conſequently the 
refractions of the rays in the air, whatever be their quantities, will be equal 
as near as poſſible; and then the reſult of the practice will be as accurate 
2s if there had been no refractions at all. For let the curve i 4 repreſent F's- 630. 
the courſe of the viſual ray from 6b to a; and let the lines E, 6 touch it at 
gand 6. Then becauſe the points a, & are very nearly upon a level, the den- 
firy and conſtitution of the air and vapours at the ſame inſtant, will be near- 
ly the ſame in each place; and by conſequence the curve 476 and its tan- 
gents at à and 6, will be equally inclined to the chord 46. For the ſame 
reaſons the curve em d will be ſimilar and equal to the curve 476, bein 
ſituated ſo very near to it. Therefore the angle ed n, under the chord ed 
and tangent an, will be equal to the angle 26“ or bak; and conſequently 
ſince the angles q dn, pak are made equal in the two obſervations,” by ta- 
king away the equal angles edn, bak, cauſed by the equal refractions, 
the remaining angles qde, pab will be equal to each other, as if there 
were no refractions at all. | 752 80 

961. If che reciprocal obſervations be made about the middle of the 
fame day when the air is the pureſt, there will ſcarce be any occaſion for 
two inſtruments ; bur if they be made near the morning or evening, even 
on the ſame day, an equality of refractions cannot be depended upon un- 
leſs they are made at the ſame inſtant. The members of the Royal Academy 
of Sciences at Paris tell us, in their account of the Meaſure 2 - 


Fig. 631. 
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Farth *, ckey often found, < that an object which at break of the day ap. 
-peared in the level and ſometimes a little above it, did afterwards, when 
the ſun was up, appear below it. And on the contrary, after the ſettin 


of the ſun, objects far diſtant appeared to be raiſed ſo ſenſibly, that in le 
than half an hour their apparent height was augmented more than three 
minutes. As to the cauſe of theſe appearances they add, that the cool. 
neſs of the night condenſes the vapours, which deſcend to a lower place, 
leaving the air in the higher ſtations more pure than in the day time. And 
on the contrary when the heat of the ſun has made a part of the vapour 
to mount to more elevated ſtations, there muſt be leſs difference of the 
mediums, and conſequently a leſs refraction. They alſo teach us the fol- 
lowing method whereby the quantity of any particular refraction may be 
determined by obſervations. 11-4 
962. Let A be the center of the earth, BC its ordinary ſurface, and 
D, Iche tops of two mountains. We are to conſider that the earth being 
inveloped with an atmoſphere or vaporous air compoſed of different re- 
gions which are gradually more ſubtil the farther they are removed from 
the carth ; it comes to paſs that the viſual ray, which comes from a high- 
er place to a lower, as from D to J, and paſſes obliquely from a more 
ſubtil to a more groſs air, is continvally bent in its way in proportion as 
it changes the medium ; which gives it the poſition of a curve line much 
like that of DFT. But the eye placed at I receives the curve ray as if it 
were the tangent IE, in which direction it ſees the object D. For the 
ſame reaſon if we ſuppoſe another eye at D, it fees the object I in the 
ſtraight line DG, tangent to the ſame bended ray D FI. And ſuppoſing the 
two tangents IE and DG, which are inſtead of the viſual rays, to cut 
each other in H; one may imagine, that there happens the ſame thing as 
if the two objects Dand I were reſpectively ſeen with only one refraction, 
which ſhould be made in H, and which ſhould be equivalent to all thoſe 
of the true ray DFI, | 
963. For diſcovering theſe refractions, and alſo for knowing the to- 
tal value of them, which we ſuppoſe reduced to the angle DHE or 
IHG, the two angles ATE and ADG muſt be obſerved ; and moreover 
the angle at A mult be determined by meaſuring the diſtance BCor 1D, 


and by changing it into minutes and ſeconds of a great circle of the earth. 


Becauſe the exceſs of theſe three angles ATE, ADG and DAT above 
180 degrees, is the total refraction equal to the angle / HG or DHE. 
964. They alſo add the following iment to make it appear 
(contrary to the opinion of ſome. e even at noon day there re- 
mains ſomewhat of refraction; when the diſtance is ſo great that the vi- 


ſual ray cannot paſs from · one place to another without approaching the 


4 " 


* Tranſlated by Mr. Valler and joined to the Memoirs for a Natural Hiſtory of Animals. Londen 


earth 
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earth. The laſt ſummer (ſay they) being on thetop:of the towers of 
Noſtre Dame at Paris, we pointed the quadrant towards the tower of 
Montlebery, and we found that the foot of this tower. was preciſely in 
the apparent level *. This was about noon in a very ſerene. time. Some 
days after at the ſame hour, the top of the tower of Neſre Dame obſer- 
ved from the foot of Montlebery appeared below the apparent level 11'. 
zol. whereas conformable to the diſtance of 12796 toyſes, which there 
are between theſe two places, this angle ought to have been 13“, 30". 
Whence it appears that the ray had two minutes of refraction in the 
whole; that is, the angle DHE contained two minutes. In this calcu- 
lation they took the diameter of the earth to be 6538594 toyſes. 

96 5. Setting aſide the curvity of a ray, which Mr. Picard tells us is Other me- 
ſcarce ſenſible about noon, when the diſtance of the object does not exceed _— "das 
1000 toyſes; the line of fight through the teleſcope may be ſet perpendi- "* 
cular to a plumb-line or parallel to the horizon in this manner. Having fig. 642. 
found two points g, Y upon a level as before; let gi be perpendicular to 
ge and cut c in 1, and having compured the line 51 (as follows) and 
made a mark at i, place the level at g and alter the place of the croſs hairs 
in the focus, till they appear to cover the point i when the air-bubble is at 
its marks, and the buſineſs is done. Now the line bz is equal to the ſquare 
of gh applyed to 2gc; and conſequently may be found by meaſuring the 
diſtance gh and dividing its ſquare by the diameter of the earth; which 
may be ſuppoſed equal to 2g c, though it is not exactly fo, the earth be- 
ing not exactly ſpherical. For biſecting gh in &, draw c& cutting gi in I; 
and ſince the triangles &g 1, kcg are fimilar, we have E/: kg:: kg: Ec, 
and by doubling them all we have Ai: g:: gh: 2kc. Mr. Picard, com- 
17 that when the diſtance gh is 300 toyſes or 1800 Paris feet, the line 

is one inch; and hence any other 47 may be found for any other known 
diſtance; it being as the ſquare of the diſtance gb. 

966. Hence when the inſtrument is thus rectified, the point 5 upon 
the level with g, may be found by one obſervation ; that is by marking 
the point i covered by the croſs hairs, and by computing i by the rule 
above. As the intervals between the ſtations muſt be but ſmall in this 
method, becauſe of refractions as was ſaid above, the readieſt way is to 
make them all equal; which may be known exact enough for this pur- 
poſe, by obſerving whether the pole be removed to ſuch a diſtance, that 
ts image (or the image of any given part of it) in the focus of the tele- 
ſcope ſhall be always of the ſame length, being meaſured by the diſtance 
between two parallel hairs in the focus: and then the ſame. allowance 
muſt always be made for the depth of the point þ below i. 


A line parallel to the horizon of the ſtation they call the apparent level. 
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967. Laſtly hy. means of theſe parallel hairs, it is eaſy to find when the 3 
xeleſcope is placed in the middle between two ſtations; and then che 
points upon a level at each pole are preſently found, by directing the te- 
Tepe rſt to one pole and then to the other, and by marking the poins 
covered by the croſs hairs. And theſe points will be _ level notwithe ? 
_— any refractions of the viſual rays, becauſe the refraction of each 
ray will be equal. Thoſe that are deſirous of fuller inſtructions in the 
practice of levelling may conſult Mr. Picard's Traite du Nivellement $0, 
who deſcribes ſeveral forms of inſtruments for levelling, and gives ſeveral 7 
hiſtories of levels actually taken. | 


CHraPTER XV. 


Optical machines for maling pictures of objects; and their 


_ wſes in drawing. 


Of piQuresin 968. Tx the 67th article I explained the reaſon of that famous and ad- 
Ns RAR mirable experiment of forming pictures of external objects upon 
a white paper, by a lens placed in the window-ſhutter of a dark room; 
and ſhewed how the inverted pictures might be viewed upright by reflect- 
ing them downwards upon a table. For the convenience of directing the axis 
of the lens towards any object, it is uſually placed in a large cylindrical 
hole, bored through the middle of a wooden ball, ee FOrg a 
ſky-optick-ball ; which is eaſily moveable about its center within a hol- 
low zone made of wood and faſtened to the window- ſhutter: this zone 
conſiſts of two half zones ſkrewed together in the middle after the ball 
was let in; and the concavity of the zone hinders the light from paſſing 
between it and the ball. The pictures of objects will be ſo much the lar- 
ger as the focal diſtance of the lens is longer, and ſo much the brighter 
as its aperture is larger. The focal diſtance of the lens being 8 or 10 feet, 
it is convenient to receive the pictures upon a large ſkreen, covered with 
linnen or white paper, and to have it moveable upon ſmall wheels for the 
purpoſe of placing it readily at the due diſtance from the lens. | 
A remarkable 969. The broadeſt lens of this kind that ever I ſaw, is at Mr. Scar- 
9 — in er's ſhop by St. Anne's Church London: where I remember I was not 
Ptures. only diverted with ſeeing the experiment in ſo great perfection, but was 
ſurpriſed alſo with an unexpected appearance in it: viz. that the pi- 
ctures of perſons walking along the ſtreet, beſides their progreſſive mo- 
tion, had alſo a perpetual dancing or undulating motion up and down, 
like the —_— of a perſon carried in a chair, but quicker and more 
ſenſible. Poſſibly this 17 ariſe from nothing elſe but a real undulation in 
the progreſſive motion of a perſon in walking; for I queſtion whether 
he could walk freely between two parallel boards, if the upper _ 
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be hut little higher than his head when he ſtood ſtill ; and if not, whe- 

cher che undulation of his head compared with the fixt board would not 985 
be ſenſible to a by-ſtander. And if ſo, it will be more ſenſible in the pi- 

cure upon the ſkreen, in proportion as the picture is nearer to the eye 

than to the lens. For if the eye be placed by the ſide of the lens, looking 

firſt at che picture and then at the man himſelf, their apparent motions 

would be equal, becauſe the rays croſs in the center of the lens. Now up- 

on the ſkreen the picture of a board over the man's head is needleſs; ſince 

the fixt parts of the ſkreen are ſeen at the ſame view with the picture up- 

on them, and are ſufficient for diſtinguiſhing its motion. If theſe pictures 

upon the ſkreen be viewed by reflection from a looking-glaſs held in ones 

hand almoſt horizontal, ſo that the rays coming from the picture may be 

reflected upwards to the eye, the people in the ſtreet will appear upright 

and without any undulating motion of their heads; which confirms the 

cauſe I have heen given of it. For now they do not appear like flat mow: | 

ings upon the ſkreen, but to walk upright upon level ground; the ſkreen 

being ſcarce taken notice of now, as it is when we view it directly or 

without a looking-glaſs. | 

970. For drawing copies of prints or paintings, or the perſpective of Uſes in draw- 
folids, by tracing the out- lines of their pictures formed by the lens; let 
the original be placed without doors at a proper diſtance, and let its pi- 
cture be received upon a ſheet of paper or upon a large plane glaſs, left 
unpoliſhed on one fide. This glaſs being fixt upright with its rough fide 
turned from the window, it is eaſy with a black lead pencil to trace upon 
it the out-lines of the pictures. Then having ſtrained a ſheet of fine pa- 
per over the glaſs, the ſtrokes of the pencil will appear through it, when - 
held againſt the ſky-light; and thus the picture may be drawn upon the pa- 
per. The eaſieſt way of making the image diſtinct upon the glaſs when 
fixt, is to place the lens in a tube that ſhall ſlide within another ſhort tube 
fixt in the window- ſhutter. 

971. But to ſave the trouble of making two draughts, we may pro- 
ceen in this manner. Having ſtrained the drawing paper upon a {ncorh 
board, let it be laid upon a ſmall firm table, to be placed under the lens 
in the window- ſhutter; and let an inclined looking-glaſs, to reflect the 
picture upon the paper, be fixt over the table in ſome ſuch manner as this: 
ab and cd are two boards fixt upright on the table on each hand of the Fig. 633. 
drawing paper; and e/ is a third board equal in length to the interval be- 
teen the upright boards, and having a round pin at each end of it. 
When this board is laid over the backſide of a looking: glaſs and ſkrewed 
to the frame of ir, the pins muſt be lodged in two flits at the tops of the 
upright boards; and by two nuts that ſkrew upon the pins the glaſs may 
be ſtayed at a proper inclination, for throwing the picture directly down 
5 mY Cc | upon 
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The portable 


camera obſcura. 


Fig. 634. 


are placed in two grooves upon the ſides of the box; and being taken off, 


Fig. 635. 
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upon the below; and then it may be made diſtinct by moving the 
— hr ak outwards that holds = lens. s * 
972. The portable camera obſcura, or dark chamber, commonly ſold in 
the ſhops, will require but a ſhort deſcription. The theory is this; the 
rays that come from the object PR after paſſing the lens E are tend. 
ing to form an image pqr ; but being reflected upwards by the looking. 
glaſs ABC, they form an horizontal image wg upon a glaſs plane, 
whoſe unpoliſhed fide lyes uppermoſt ; upon which a copy of the picture 
may be ſketched out with a black lead pencil; and to the ſpectator facing 
the object, the picture appears upright. This figure repreſents a ſection 
of the machine through the axis of the tube that holds the lens, and 
through the middle of the ſquare box and the looking-glaſs within it. 
The ſection of the ſide oppoſite to the tube is not here repreſented, it be- 
ing a door that opens ſideways; the edges of the rough glaſs at the top 


it is placed in a drawer ef at the bottom of the box; the looking-glaſs ABC 
may alſo be drawn out of the grooves in the ſides of the box and lodged 
in the ſame drawer. The ſquare wooden tube conſiſts of 3 parts; the in- 
nermoſt that carries the lens, draws outwards or inwards to make the pi- 
ctures diſtinct. The parts gh and 74, being fixt together and to the box 
with ſmall bolts, may be taken aſunder and put into the box; then the 
lid at at the top, and the door at the end, being both ſhut and fixt, the 
machine becomes more commodious for carriage. The inſide of the lid 
whoſe ſection is at, has two wings, that open to right angles on each 
ſide of it, and reſt upon the ſides of the box, to ſhade the image upon 
the rough glaſs. | 
973- Another portable camera for the bufineſs of drawing is made 
by Mr. Scarlet in this manner. Into the middle of the top of a ſquare box 
there is inſerted an upright tube, or rather a piece of a ſquare pyramid ; 
in the top of which there ſlides a ſhort ſquare tube, having a broad object- 
glaſs fixt in a hole at the top of it ; the focal diſtance of the glaſs being 
ſomewhatleſs than its utmoſt height above the bottom of the box, where 
the pictures of objects are to be formed by it. Upon one edge of the top of 
this tube there turns a lid, having a plane looking-glaſs fixt flat upon the 
inſide of it; and thereby capable of being ſtayed at any inclination pro- 
per for reflecting the rays, that come from an object, directly downwards 
through the obje&-glaſs, to the drawing paper fixt upon the bottom of 
the box; where the picture of the object will be diſtinctly painted when 
the object - glaſs is adjuſted to a proper height. The box being quite clo- 
ſed and dark within, this picture is viewed through a ſmall hole in the 
upper edge of the box ſloped off, from the fide oppoſite to the object, 
where the draughts-man ſtands and puts his hand and pencil through a hole 
made in this fide, or rather in a long piece that ſlides in it horizontally, 


accord- 
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according as he has occafion to move his hand. The ſquare box is abc def; 
che fixt tube, g; the ſliding tube, 5; the object-glaſs, o; the inclined 
looking-glaſs, ; the hole for the eye, &; the hole for the hand, I, in the 
ſlider m; the picture p of the object P. 


CHAPTE R XVI. 
A Binocular Teleſcope deſcribed. 


974. 7 is a common obſervation that objects ſeen with both eyes ap- 
| pear more vivid and ſtrong than to a ſingle eye; eſpecially when 
both are equally good. A perſon not ſhort-fighted may Toon be convin- 
ced of this fact by looking attentively at objects pretty romote, firſt with 
one eye and then with both. P. Cberubin in his Viſion Parfaite, ſays 
the experiment ſucceeds alſo in looking at near objects; to me it does 
not anſwer ſo well. But a ſhort-ſighted perſon may be perfectly ſatisfied 
of it by applying a concave glaſs firſt to one eye, and — another con- 
cave to his other eye. This obſer vation gave riſe to the contrivance of a 
binocular teleſcope, in which the ſaid appearance is ſtill more manifeſt. 
975. The binocle conſiſts of two diſtinct teleſcopes ſeverally directed 
from each eye to the ſame object, and combined together as follows. In 


the 636th figure, ab and cd are two equal teleſcopes laid in a long box Fig. 636. 


nearly parallel to each other ; the interval berween the eye-ſtops a, c be- 
ing equal to the interval of the pupils, and that of the centers of the ob- 
ject-glaſſes ſomewhat leſs than the other. Both ends of the teleſcopes 
paſs through oblong ſlits in both ends of the box; and the interval 
between them may be widened or contracted at either end by a — 
ſcrew- pin, laid over each end of both the teleſcopes; the threads of eac 
half of the ſkrews being wrought contrary ways and called a right and left 
handed ſkrew. For theſe halves being put through two nuts e, f fixt to 
the upper ſides of the teleſcopes, it comes to paſs that by turning the 
ſcre w- pin one way, the two teleſcopes will accede to, and the other way, 
they will recede from, each other; till by one of theſe ſærew- pins the in- 
terval between the eye-ſtops a, c becomes equal to the interval of the 
pupils of the obſerver, and by the other, the axes of the teleſcopes be- 
come directed to the fame object: which will be known exactly if there 
be croſs hairs in the focus of each teleſcope; or even without them. For 
before this poſition is obtained the objects will appear double, and after- 
wards ſingle; and then alſo beſides a much ſtronger and brighter 2 
ance of the object through both teleſcopes, than through either alone, 
there is another phenomenon very remarkable. 


976. In the focuſes of the two teleſcopes there are two equal rings as A remarkable 
uſual, which terminate the pictures of the objects there formed; and of .d backe. 
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| conſequence the viſible area of the objects themſelves. Theſe equal rings 


by reaſon of the equal eye-glaſſes, appear equal and equally remote 
when ſeen ſeparately by each eye, the other being ſhut ; but when. ſeen 
united by both eyes, they appear much larger and remoter too; and the 
objects ſeen through them do alſo appear larger, though circumſcribed 

by the united rings in the fame places as when ſcen ſeparately. 
977. Endeavouring to ſolve this odd appearance, I found out another 
ſtill more ſurpriſing. Having opened the points of a pair of compaſſes 
ſome what wider than the interval of your eyes; with your arm extend- 
ed hold the head or joint in the ball of your hand, with the points out- 
wards and equidiſtant from your eyes, and ſomewhat higher than the 
joint. Then fixing your eyes upon any remote object lying in the line 
that biſects the interval of the points, you will firſt perceive two pair of 
compaſſes (each leg being doubled ) with their inner legs croſſing each 
other, not unlike the old ſhape of the letter v. But by compreſſing the 
legs with your hand, the two inner points will come nearer to each other; 
and when they unite, (having ſtopt the compreſſion, ) the two inner legs 
will alſo entirely coincide and biſect the angle under the outward ones; 
and will appear more vivid, thicker and longer than they do, ſo as to 
reach from your hand to the remoteſt object in view, even in the hori- 
zon it ſelf, if the points be exactly coincident. This appearance will con- 
tinue the ſame whereſoever you direct your eyes to any other collateral ob- 
jects; nor will it vaniſh by variouſly inclining the plane of the legs to 
the horizon; or by any other means than by looking directly at them. 
The like appearance will happen when two equal round flices of a cork, 
or any two equal ſurfaces, are ſtuck upon the points of the compaſſes ; 
and likewiſe when two ſtraws, or two tobacco-pipes, or any two things 
of equal thickneſs are uſed in the ſhape and inſtead of the compaſſes; with 
this difference only, that the ends of the pipes, or the corks, will not fhoot 
out ſo far as the naked points of the compaſſes. If the pipes be held paral- 
lel to each other and perpendicular to the viſual rays, their apparent union 
will alſo ſeem parallel to them, and ſomewhat remoter; and the fame 
will happen when two tapering legs of two pair of compaſſes, are alſoheld 
parallel to each other ; but if they converge as towards a joint, the points 
will ſhoot out farther than the other parts of the legs, as in the firſt ex- 
periment, when the plane of them was not perpendicular to the viſual 
rays. In the 637th figure, the points of the compaſſes are à and b; the 
head or joint c; the eyes of the obſerver d and e; the imaginary leg cf, bi- 

ſecting the angle ach and extended to the objec /. 

978. lapprehend the reaſon of the phenomenon to be this: by ſhut- 
ting the eyes d, e alternately, it will be evident that the points , a, f, are 
in one ſtraight line, and the points e, ö, F in another; and ſo the reaſon 
of the apparent union of the points a, 6 at the object 7, is becauſe their 
| pictures 
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pictures are upon the ſame points of the retina's as thoſe of the object it 
ſelf. For the ſame reaſon, while the legs of the campaſſes are gradually 
compreſſed, if your eye be kept fixt upon the imaginary point of the u- 
nited legs, this point will appear to approach gradually : which ſhews 
why any two points of the legs, as g, H, equidiſtant from the extreams, 
appear nearer and nearer to the eyes as they lye nearer and nearer to the 
head of the compaſſes. The appearance of the round corks upon the 
points of the compaſles, is ſo exactly analogous to that of the two holes 
in the focuſes of the two teleſcopes, that what has been ſaid of the corks 
is ſufficient to explain the phenomenon of the holes. 

979. For want of a two handed ſkrew, the ends of the teleſcope may 
be made to accede to, or recede from, each other, by ſeveral other contri- 
vances, to be ſeen in P. Cherubin's Viſion parfaite; who has wrote im- 
menſely upon this inſtrument. To exclude all uſeleſs and hurtful light 
from the eyes, the eye-ſtops are made hollow and very broad, to cover 
ſome part of the temples; and their inner parts are cut away to admit 
the upper part of the noſe between them. Mr. Scarlet, who makes theſe 
binocles at London, ſays that 3 plano-convex eye-glaſſes for each tele- 
ſcope, with their ſides ſituated as in the 638th figure, are better than 3 Fig. 638. 
double convex ones. But a binocle made with two of Mr. James Gregory's 
reflecting teleſcopes hereafter deſcribed, would be leſs cumberſome and 
magnify more theſe. The inſtrument may be ſupported upon a 
ſtand, whoſe top has an horizontal circular motion, and alſo a vertical 
one upon an horizontal axis; which may be governed by a ſtring, tied to 
the lighter end of the teleſcope and wound about a peg, that turns eaſily in 
a hole made in the pillar of the ſtand. | 


CHAPTER XVII. 


An explication of the Magick Lantern, ſometimes called Lan- 
terna Megalographica. 


980. HE contrivance is briefly this; AB C Dis a tin lantern, from Deſcription of 
whoſe ſide there proceeds a ſquare or round arm or tube it by Mr. Me- 
bnkclm, conſiſting of two parts; the outermoſt whereof n&/m ſlides * 
over the other, ſo as that the whole tube may be lengthened or ſhortened 
thereby. In the end of the arm nm is fixt a convex glaſs /: about de 
there is a contrivance for admitting and placing an object de painted in 
dilute and tranſparent colours on a plane thin glaſs; which object is there 
to be placed inverted. This is 2 ſome ludicrous or frightful 9s 44 
ſentation, the more to divert the ſpectators: bbc is a deep convex glaſs, 


fo placed in the other end of the prominent tube, that it may ſtrongly ca 
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the light of the flame a on the picture de painted on the plane thin glaſs. 


And here it is to be noted, that the glaſs bbc is only deſigned for the ſtrong 
illumination of the picture de, and has nothing to do in the repreſenta- 
tion; and therefore in ſome of theſe lanterns, inſtead of the glaſs bbc, we 


hall find a concave ſpeculum fo placed, that it may ſtrongly caſt the light 


of the flame 4 on the picture at de; and ſometimes both are uſed. 
981. Wherefore let us now conſider the picture de as a very lightſome 
object of diſtinct colour and parts. And let us conceive de more remote 


from the glaſs &/ then its focus. It is then manifeſt that the diſtinct 
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image of the object de, ſhall be projected by the glaſs & on the oppoſite 
white wall FH at /g; and here it ſhall be repreſented ere&. For now the 
whole chamber EFGH is dark, the lantern ABCD incloſing all the 
light; fo that in effect this appearance of the magick lantern is no more 
than what is already declared concerning the repreſentation of outward 
objects in a dark room by a convex glaſs; and here we may obſerve, that 
if the tube be contracted, and thereby the glaſs & brought nigher the ob- 
ject de, the repreſentation fg ſhall be projected ſo much the larger; and 
ſo much the more diſtant from the glaſs #/; according to the rules be- 
fore laid down 2. So that the ſmalleſt picture at de may be projected at /g 
in any greater proportion required, within due limits. From whence the 
name of Lanterna Megalographica. And conſequently, protracting the 
tube and _— the glaſs &/ more diſtant from the object de, will di- 
miniſh the repreſentation fg, and project it nigher the glaſs EJ. As to the 
mechanick contrivance of this lantern, the moſt convenient proportion 
of the glaſſes, &c. this is ſo ordinary amongſt the common glaſs-grinders, 
that it is needleſs to infiſt farther thereon in this place. It is ſufficient to 
me that I have explained the theory thereof. | 

982. © There are ſeveral machines made by the combination of mirrors 
and lenſes, which afford uſeful and pleaſant appearances ; whoſe expla- 
nation may be eaſily deduced: from what has been ſaid. Among many 
other, I ſhall only chuſe to explain one; by which, figures that are paint- 
ed upon ſmall pieces of glaſs, are repreſented monſtrouſly large upon a 
white plane. This is a phenomenon wonderful enough to deſerve a par- 
ticular explanation. The inſtrument that performs this, is called a ma- 
gick lantern, which optick writers have not altogether paſſed by, but 
yet have not ſufficiently improved. 

983. Let there be a wooden box about a foot and an half long, 14 in- 
ches high, and as wide; there muſt be a concave mirror S, of 8 inches 
diameter, and a portion of a ſphere of 18 inches: this mirror is fixt to a 
foot which moves upon rulers, along the length of the box. There is alſo 
in this box a lamp L, ſuſtained by a wooden foot which is moveable 
lengthways between two rulers, in the ſide of the box. The pipe of the 

lamp ſtands forward in ſuch manner, that the center of the fame is — 
| agen 
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againſt the center of the ſurface of the mirror; this flame is made up of 
four little flames, which by touching one another, make one ſquare 
flame, two inches wide. In the top, or upper plane of the box, there is 


an oblong hole, which has a cover that ſlides in two grooves, or between 


two rulers or ledges: through this cover paſſes the chimney C, which 


(as you ſee in the 64 iſt figure) ſtands up about one half foot above the box. Fig. 64:. 


The chimney is moveable with the cover, whilſt the opening remains 
ſhut ; that the chimney may be always over the lamp. In one of the lit- 


tle fides of the box, which is over againſt the mirror, there muſt be a 


round hole about 5 inches wide ; which muſt have in it a convex lens of 
glaſs of the ſame bigneſs V, convex on both ſides, which are portions of 
a ſphere of one foot diameter: the axis of this glaſs, being continued to 
the ſurface of the mirror, will be perpendicular to it, and fall upon its 
center, as likewiſe to the plane of the flame, through whoſe middle point 
it alſo paſſes. This hole is ſhut and opened by a plane moveable in a groove, 
which is moved by a cylinder that ſtands out of the box at E. To this 
hole without the box anſwers the tube T, whoſe length and diameter is 
of about 6 inches, at the end of which there is a ring, in which the ſecond 
tube ? moves, of about 4 inches diameter, and 5 or 6 inches long. In the 
leſſer tube there are two lenſes; the firſt in that end which is thruſt into 
the tube T, and it is of the ſame convexity as the glaſs V, and three inches 
and a half diameter. The ſecond lens is three inches from the firſt, and 
flatter, being terminated by portions of a ſphere of four feet diameter. 
Between theſe lenſes, at the diſtance of about one inch from the ſecond, 
there is placed a wooden circular ſtop, or aperture, which ſhuts up all 


the tube, except a hole of an inch and a quarter diameter in the middle. 


of the wood. The objects that are to be repreſented, are to be painted up- 
on a flat thin piece of glaſs, which muſt be moved without the box over 
againſt the glaſs V, between it and the tube 7, the picture being in an in- 
verted poſition. If theſe pictures are round, they may be of 5 inches dia- 
meter: that they may be moved eaſily, they are put into flat boards, 


three in one board. The picture alſo may be painted upon long glaſſes, 


which may be ſucceſſively made to ſlide before the glaſs J. 


984. This whole box ſtands upon a frame or foot, made ſo that it may 


be fixed at different heights. There are flat pieces of wood fixed to the 
box, at bottom, which ſlide in grooves in the frame; each of them has a 
lit in it ; ſo that the box may be made faſt at any deſired height, by the 
help of ſkrews joined to the frame, and moveable in the ſlits. The whole 
machine is placed at the diſtance of 15, 20, or 30 feet from a white plane, 
which diſtance muſt be different according to the bigneſs of the plane ; 
for thisdiſtance may be equal to the length of the plane: the box muſt be 
juſt at ſuch an height that the tubes, in yo ſide of the box, may be exactly 
oppoſite to the middle of the plane. The lamp being lighted, the box 


muſt 


Fig. 642. 
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muſt be ſhut, and the figures which ate painted upon the glaſs wilt be 


repreſented upon a white plane. By moving backwards and forwards the 
tube that has the two lenſes in it, you will find the proper poſition of the 


glaſſes required to give a diſtinct repreſentation. As for the diſpoſition 


of the ſeveral parts of the machine, which immediately ſerve for exhi- 
biting this appearance, we ſhall here more particularly explain it. 
985. In this figure the parts are ſhewn ſeparately; SS is the mirror, 
HI the flame which conſiſts of four flames in the line //; dis the glaſs 
V of · he 640th figure; OO is a picture painted upon a flat thin piece of 
| lens ; 66 the wooden ſtop be- 
tween the lenſes; / the aperture or hole in the middle of the wooden cir- 
cle. Theſe things being diſpoſed as has been already explained, and as 
may be ſeen in the figure, the rays which proceed from a point of the 
picture OO, by going through the lens as, become leſs diverging, and 
fall upon the lens dd, as if they came from a point more remote; from 
this lens they go out converging, and are collected upon the ſurface 
of the white plane, where they exhibir the point of the picture that is 
painted on the glaſs. This picture is illuminated both by the rays that 
. from the flame //, and by the rays reflected by the mirror $8. 
or the perfection of this machine it is required, 1ſt, that the picture O0 
be enlightened as much as poſſible; 2dly, that it be equally enlightened 
in all its points; 3dly, that all the light, by which every point of the pi- 
cture is enlightened, go through the lenſes aa and dd to the white plane, 
and ſerve to make the repreſentation ; 4thly, that no other light but that 
go out of the box, leſt the i STI ſhould be leſs lively, by reaſon 
of extraneous light. The firſt requiſite depends upon the bigneſs of the 
flame and of the mirror, and of its concavity ; the more concave lt 1s, 
the nearer it is tobe brought to the flame, and then the more rays will be 
intercepted and reflected; yet care muſt be taken that the mirror (which 
may be made of very good glaſs) be not too much heated. When the flame 
and mirror are ſo contrived, that the picture is the moſt enlightened that 
it can poſſibly be, and every where equally enlightened, the flame and 
mirror mult be ſo placed, that the inverted image of the flame ſhall fall 
juſt upon the picture. Now as the repreſentation of the flame can be in- 
creaſed and diminiſhed, the mirror and flame muſt be ſo diſpoſed, that the 


_ repreſentation of the flame ſhall cover the whole picture upon the glaſs, 


but ſo as not to exceed it: for then the picture is as much enlightened by 
the reflected light as it can be, and all its points are equally illuminated; 
the direct light alſo does pretty near equally fall upon all the points of 


the picture; /this light would indeed be increaſed by bringing the flame 
nearer; but the reflected light would be diminiſhed, and the diminution 


of this laſt would be greater than the increaſe of the other. The glaſs VV 
ſerves to inflect the light, by which the picture OO is . 
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fore it comes to the picture; by which inflection all the light comes to 
the lens au, and.ſerves for the repreſentation on the white plane. All the 
light that is of uſe for this repreſentation, goes through the hole /; and 
the rays coming from different points, interſect one another there. Where- 
fore Y! picture upon the glaſs, which is placed inverted, is repreſented 
erect upon the white plane. By the ring 56 all the rays, which do not ſerve 
to form the repreſentation, are intercepted, leſt they ſhould enter the 
room, and make the picture leſs diſtinct. This ring or N alſo in- 
tercepts thoſe rays by which one point is more enlightened than another, 
whereby the light, which (from what has been ſaid) is equally enough 
diffuſed, is yet made more equal. But unleſs the ſtop or aperture 55 be 
juſt where the rays interſect, it does a great deal of miſchief. 


CuATrTER XVIII. 
The mechaniſm of various Microſcopes, with ſome microſcopical 


obſervations. 


* 


986. H Av ING conſidered the theory of fingle and double micro- 


ſcopes in the 118, 129, 127, 690, 705, 715, 720, &c. arti- 
cles, and in the remarks upon them, I proceed here to a deſcription of 
ſeveral ingenious contrivances for placing the objects at a due diſtance 
from the glaſſes, and for cafting a proper light upon them. Bur firſt I will 
ſhew how the little glaſs globules are made for ſingle microſcopes ; for 
the manner of making little lenſes, being much the fame as of making p 
objet-glafſes for teleſcopes, need not here be repeated. | 
987. Mr. Butterfield tells us * he had tryed ſeveral ways of making To make gta 
elaſs globules of the bigneſs of great pins heads and leſs, as in the flame globules for 
of acandle made of tallow or of wax; but that the beſt ſort of flame for — 
making them clear and without ſpecks was that of a lamp, made with Ns. 14:. 
. re@ified ſpirit of wine. Where inſtead of a cotton wick, he made uſe of 
fine ſilver. wire doubled up and down like a ſkein of thread. Then hav- 
ing prepared ſome fine glaſs, beaten to powder and waſhed very clean, he 
took a little of it upon the ſharp point of a filver needle wetted with 
ſpittle, and held it in the flame, turning it about till it melted and be- 
came quite round, but no longer for fear of burning it. The art lyes in 
giving the globule an exact roundneſs, which can only be learned by ex- 
perience. When a great many globules are thus formed, he rubs them 
ctean with a ſoft leather, Then having ſeveral ſmall pieces of thin braſs 
plates, twice as long as they are broad, he doubles them up into the form 
of a ſquare, and punches a fine hole through the middle of them : and 
having rubbed off the bur about the holes with a whetſtone, and blacked 
che inũdes of the plates with the ſmoke of a candle, he places a globule 
_ = 3 between 


* 


a Phil. Tranſ. 
No. 221, 223. 
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between the two holes, and tacks the plates together with two or three 
rivets. Then he tries how they magnify frall obj 


; Qs, and keeps the beſt 
of them for ule. | 


988. Dr. Hook uſed to take a very clear piece of glaſs and to draw it 
out into long threads in a lamp; then he held theſe threads, in the flame, 
till they ran into round globules. hanging to the end of he threads.. Then 
having fixt the globules with ſealing wax to the end of a ſtick, ſo that 
the threads ſtood upwards, he ground off the ends of the threads upon a 
whetſtone and poliſhed them upon a ſmooth: metal plate with a little 
utty. | | | RAT | | 
4 989. Mr, Stephen Gray tells us: that for want of a ſpirit lamp, he laid 
a {mall particle of glaſs, about the bigneſs of the intended globule, upon 
the end of a charcoal; and by the help of a blaſt-pipe, with the flame of a 
candle he ſoon melted it into a globule. By this means he made them in- 
differently clear, and the ſmalleſt very round; but the larger by reſting 
upon the coal were a little flatted, and received a roughneſs on that fide. 
Therefore he was was wont to grind and poliſh them upon a braſs plate, 
till he reduced them to hemiſpheres. But he found that the ſmall round 


_ globules, beſides that they. magnified more, ſhewed objects more diſtin& 


Particles with- 
in a tranſpa- 
rent globule 
how magni- 
Ked. 


Fig. 643 


than the hemiſpheres. 


999. Theſe experiments led him to another which is very curious. 
Having obſerved, ſays he, ſome irregular particles within the glaſs go. 
bules, and finding they appeared diſtin& and prodigiouſly magnified, 
when held cloſe to my eye; Mecheln that if I conveyed a ſmall globule 
of water cloſe to my eye, in which there were any opacous or leſs tran- 
ſparent particles than the water, I might ſee them aiftinetly. I therefore 
took on a pin a ſmall-portion of water, which I knew to have in it ſome 
minute animals, and laid it on the end of a ſmall piece of braſs wire, that 
then lay by me, about r of an inch in diameter, till there was formed 
ſomewhat more than an hemiſphere of water. Then keeping the wire 
erect, I applyed it to my eye, and ſtanding at a proper diſtance from the 
light, I faw them and ſome irregular particles as 1 had predicted; but 
moſt ' enormouſly e For whereas they were ſcarce diſcernable 
by my glaſs microſcope, they appeared within the globule not much dif- 
ferent in form nor leſs in magnitude than ordinary peaſe. They cannot 
well be ſeen by daylight, oleſs the room be darkened, after the man- 
ner of the famous 792 experiment, but moſt diſtinctly by candle- 
light. They may alſo be ſeen very well by the full moon-light. © 

991. Mr. Gray explains the reaſon of this appearance as follows. Let 
the circle D BBD repreſent a ſphere of water, A an object placed in its 
focus, ſending forth a cone of rays, two of which are AB, AB; which 
coming into the water at B and B, will be refracted from their direct 
courſe and become BD, BD; and at D, D they will, at their paſſing in- 


to 
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to air, again be refracted into DE, DE, and ſo run parallel to one ano- 
ther and to the axis of the rs AFC. Now it is a known principle 
in opticks, that the angle of reflection is equal to the angle of incidence: 
wherefore let the rays BD, BD, be imagined to have come from ſome 
point F of an object placed within the ſphere of water, by being reflected 
from the interior ſurface of the ſphere at B, B. But CB is the angle 
of reflection, to which making CB F equal, the point F will be the place 
from whence if an object ſends forth a cone of rays, two of them as FB, 
FB, will be reflected into the lines B D, BD; and then coming to the 
other ſide of the globule at D, D, they will be refracted into DE, DE, 
as before: and conſequently will be fit for diſtinct viſion, whether the 
object be placed in F within, or in A without, the ſphere, if its interior 

ſurface be conſidered as a concave ſpeculum. 1 | 

992. This explanation of Mr. Gray's may be carried a little farther, to And in what 
ſhew the reaſon why the animals appeared ſo enormouſly great, as he de- Proportion. 
ſcribes them. The concluſion is this; the animals within the water glo- 

bule are magnified 3 + times more in diameter, than they would be if 

placed without the globule at its principal focus: and this increaſe of the 
magnifying power of the ſmalleſt globules is very conſiderable. To de- Hg. 644 
monſtrate this concluſion, let the perpendiculars Aa, Ff to the diameter 7 
HFTbe cut by any other diameter Hi in a and /; and then the unequal 

objects Aa, FE,, whereof the former is ſeen by refraction, and the latter 

by reflection, will appear under the ſame angle HCh, and conſequen 


£ 


of the ſame magnitude. Therefore one and the ſame * placed 21 


will HB bigger than at A in the ratio of CA to CFF. Imagine che * Art. 222. 
rays ED, GH to go backwards or from the eye, and after the firſt re- 
fraction let them meet at K, and after the ſecond refraction at A; which | 
will biſect the line IK *. Therefore biſecting CI in T, we have CA:CT * Art. 227. 
:: (2CAor HK: HC, that is as) the fine of incidence, (m) to the difference 

of the fines ( and digjointly we have TA: TC: zin u. Hence * art. 224, 
CA=— CT and TA=— CT. Now becauſe K is the focus of in- 

cident rays as D'B 7 — the ſurface BI, their focus F after reflection will 

de had by taking 7 F: TI or TC:: TC: TX, and conjointly CF: CT * Art. 297, 
{: (CK: TK that is:: 27A: 2TA—TC:: , TC: — 70 C:) an 

: zu -n. Therefore Fe == CT, and CA: CF: ; = 2 — 

Hence putting m: 17: 4: 3 às in water, we have CA: CF: : 10:73 :: 

33: 1, which was to be prove. WW); 1 e 

993. Im a glaſs globule putting m: :: 3: 2, we have CA: CF: 24 

: 1, Which fhews how much any ſmall particles within the glaſs; are more 
magaiſied than if they were plared beyond ir at its principal focus. 
8 dip Ddd 2 994. 
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94. Hence alſo the animals within the water globule are more mag. 
nified than if they were ſeen through a glaſs globule of the ſame bigneſs, 
in the ratio of 2 f to 1. For in glaſs CA=3CT, and in water CF=<CT, 
Therefore CA: CF:: 22: 1. | 

995. Hence alſo the animals within the water globule, «(5 of the 
fame magnirude as they would do through a glaſs globule, whoſe diame- 
ter 1s +ths of the diameter of the water globule. For ſuppoſing CA or 
3CT1n glaſs, equal toCFor £ CT in a larger water globule; we have CT 
in the glaſs globule, to C in the water globule, as ; to 3, or as ro 1. 
996. But Mr. Gray tells us theſe little animals will appear more diſtinct- 
ly, if drops of water de conveyed by a pin's point into à round hole made 
in a braſs plate, whoſe thickneſs is about one tenth of an inch, and the 
diameter of the cylindrical hole a little leſs than half a tenth, obſerving 
to fill it till near an hemiſphere of water be extant on each fide of it. Now 
ſuppoſing the axis of this cylinder of water tobe terminated by equal ſpheri- 
calforfacs, and to be exactly equal to three diameters of the ſphere of thoſe 
ſurfaces, I find the littleanimals, ſeen by reflection from the farther ſurface, 
will appear juſt twice as big in diameter, as if they were placed in the fo- 
cus of one of thoſe ſpheres of water, and were ſeen through it as in com- 

mon microſcopks. _ ' 
Deſcription of 997. The author's account of the little animals thus obſerved, being 
— rg very curious, deſerves to betranfcribed. © They are of a globular form and 
but little leſs tranſparent than the water they ſwim in. They have ſome 
times two dark ſpots diametrically oppoſite ; but theſe are rarely ſeen, 
There are ſometimes two of theſe globular inſects ſticking together; 
Where they are joined it is urge poſſibly they may be in the act of 
generation. They have a twofold motion; a ſwift progreſſive regular one, 
and at the ſame time a rotation about their axes, at right angles to the 
diameter that joins the dark ſpots: but this is ſeen. only when they move 
flowly. They are almoſt of an incredible minuteneſs. Mr. Leeuwenhoek is 
moderate enough in his computation, when he tells us (Phil. Tranſ. No. 
213. p. 199) he faw inſets in water ſo ſmall that 30000 could hardly e- 
qual a courſe ſand. But I believe it will ſeem a paradox to him, when he 
is told he may ſee them by only applying his bare eye to a portion of wa- 
ter wherein they are contained. I have examined many tranſparent fluids, 
as water, wine, brandy, vinegar, beer, ſpittle, urine, ' &c. and do not re- 
member to have found any of theſe liquors without more or leſs of theſe 
infects. But I have not ſeen many in motion, except in common water 
that has ſtood, for ſometimes a longer at others a ſhorter time, as has been 
obſerved by Mr. Leeuwenhoek; though I do nat remember he has obſerv- 
ed that they are exiſtent in the water before they revive. In the river, af- 
ter the water has been thickened by rain, there are ſuch infinite numbers 
of them, that the water ſeems in great part to owe its opacity and _ 
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water has more of them. The dew that ſtands on glaſs windows has many 
of them: and foraſmuch as rains and dews are continually aſcending or 
deſcending, I believe we may ſay the air is full of them. They ſeem to 
be of the ſame ſpecifick gravity with the water they ſwim in, the dead 
remaining in all parts of the water. Of many thouſands that I have ſeen 
I could diſcern no ſenſible difference in their diameters; they appear of 
equal bigneſſes in water that has been boiled; they retain their ſhapes and 
will ſometimes revive. | | 

998. There is another ſort of inſets I have ſeen this way, but theſe 
are not ſo frequently to be found, at leaſt this winter ſeaſon. They are 
much longer than the former, and can transform themſelves into many 
ſhapes. They are elliptical for the moſt part; but ſometimes they con- 
tract themſelves ſo as to be almoſt globular ; and ſomerimes they extend 
themſelves ſo as to be two or three times longer than broad. Theſe ſome- 
times turn themſelves round, on their axes and diameters, as they go, and 
conſiſt of tranſparent and opacous parts. 


999. The fame ingenious author deſcribes another water-microſcope —— 


ſcope ; it may be about f inch in thickneſs. At A there is a ſmall hole, vig. 84. 


of his own invention, as follows. AB I call the frame of the micro- 


near 3 inch in diameter, in the middle of a ſpherical cavity about inch 
in diameter, and in depth ſomewhat more than half the thickneſs of the 
braſs. Oppoſite to this at the other ſide of the braſs, there is another ſphe- 
rical cavity, half as broad as the former; and ſo deep as to reduce the 
circumference of the ſmall hole abovementioned, to almoſt a ſharp edge. 


In theſe cavities the water is to be placed, being taken upon a pin or a 


large needle, and conveyed into them till there be formed a double con- 


vex lens of water; which, by the concavities being of different diameters, 
will be equivalent to a double convex lens of unequal convexities. By 
this means I find the object is rendered more diſtin, than by a plano-- 
convex of water or by a double convex, formed on the plane ſurfaces of 
a piece of metal. C DE is the ſupporter whereon to place the object, if 
it be water in the hole C, if a 425 on the point F. This is fixt to the 
frame of the microſcope by the ſkrew E, where it is bent upwards, that 
its upper part CF may ſtand at a diſtance from the frame AB. It is move- 
able about the ſkrew E as a center to the end that either the hole C or the 
point F may be expoſed before, the microſcope A and that the object 
may be brought to, and fixt in, its focus. There is another ſkrew about 
half an inch in length, which goes through a round plate in the frame 
of the microſcope AE, the ſkrew and plate taking hold of the ſupporter 
about D; where there is a ſlit ſomewhat larger than the diameter of the 
ſkrew; which is requiſite for the admiſſion of the hole C or point F 
(according to the nature of the object) into the focus of the watery lens 

ITY n 


neſs to theſe globules. Rain water ſo ſoon as it falls has many, and ſnow - 


A deſcription 
of Mr. Wil 
ſon's pocket 
microſcope, 
taken from 

- Phil. Tranſ. 
N“. 281. 
Fig. 646, 647. 
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at A. For by turning the ſkrew G, the ſupporter is carried to or from 
the fame ; which may be fooner done, if while one turns the ſkrew with 
one hand, the other holds the microſcope by the end B; and one be look. 
ing through the water till the object be ſeen moſt diſtinctly. The ſup. 
porter mutt be made of a thin piece of braſs well hammered, that by it; 
ſpring it may- better follow the motion of the ſkrew. I chuſe rather to 
fix the ſupporter by the ſkrew E than by a rivet ; becauſe it may now, 
by the help of a knifebe unſkrewed, and by the other ſkrew G be brought 
cloſe to the frame of the microſcope, without weakening its ſpring, and 
ſo become more conveniently portable. If the hole C in the ſupporter be 
filled with water, but not ſo as to be ſpherical, all objects that will bear 
it are ſeen therein more diſtinctly. 

- 1000. The hole at B is made for ſeeing animals in water by reflection 
from its farther ſurface, as above deſcribed. So far Mr. Gray. 
1001. This ſet of microſcopes has nine different magnifying glaſſes; 
eight of which may be uſed with two different inſtruments, for the bet- 
ter applying them to various objects. One of theſe inſtrumens is repreſent- 
edat AABBand is made of ivory or braſs; it has 3 thin braſs plates 
at E and a ſpiral ſpring of ſteel-wire H within it; to one of the thin 
plates of bra is fixed a piece of leather F, with a ſmall furrow G both 
in the leather and braſs to which it is fixed: in one end of this inſtrument 
there is a long ſkrew D with a convex glaſs C, placed in the end of it: in 
the other end of the inſtrument there is a hollow fkrew oo; wherein any 
of the magnifying glaſſes, M, are ſkrewed when they are to be made uſe 
of. The 9 different magnifying glaſſes are all ſet in ivory, 8 of which 
are ſet in the manner expreſſed at M. The greateſt magnifier is marked 
upon the ivory, wherein it is ſet, with Ne. 1, the next N*. 2, and ſo on to 

Ne. 8; the ninth glaſs is not marked, but is ſer in the manner of a little bar- 

rel box of ivory, as at 6. At ee is a flat piece of ivory, whereof there 

are 8'belonging to this ſet of microſcopes; (though any one who has a 

mind to keep a regiſter of objects may have as many of them as he pleaſes;) 
in each of them there are 3 holes ff, wherein 3 or more objects are pla- 

ced between two thin glaſſes, or talks, when they are to be uſed with the 

greater magnifiers. | | 58) | 1 
_. 1002. The uſe of this inſtrument AABB is this: Having taken the 
handle' from the inſtrument in hg. 647 and ſkrewed it upon the 
button & in fig. 646, take one of your flat pieces of ivory ee, or ſliders, (if 
you pleaſe to call them ſo,) and ſlide it betwixt the two thin plates of braſs 
at E, through the body of the microſcope, ſo that the object you intend 
to look upon be juſt in the middle; remarking that you put that fide of 
theplate ce, here the braſs rings are, fartheſt from the end. IA: then you 
are to ſlrew into o (the hollow ſkrew im the end of the body of your 
microſcope) che 3d, 4th, 5th, 6th or 7th magnifying glaſs M; _ 
ing 
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done put the end 41.4 cloſe to your eye, and while you are looking 
through your magnifying glaſs upon the object, you are to ſkrew in or out 
the long ſkrew P, which moving round upon the leather F, held tight 
to it by the ſpiral wire . will bring your object to the true diſtance; which 
you will know by ſeeing it clearly and diſtinctly: but ſeeing that in the 
greater magnifiers you can ſee hut a ſmall part of the object, viz. the legs 
or claws of a flea ; while you are looking upon any part of the object, if 
you take hold of the end of the plate or ſlider, ee, whereon the object lyes, 
and move it gently, you may ſee the whole object ſucceſſively, or any 
part of the object you pleaſe ; and if that part of the object you deſign to 
look upon be out of the true diſtance, remember your end ſkrew D, can 
always bring it in, by ſkrewing it one way or the other. | | 
1003. After this manner may be ſeen all tranſparent objects, duſts, li- 
quids, chryſtals of ſalts, ſmall inſects, ſuch as fleas, mites, &c. If they be 
inſets that will creep away, or ſuch objects as one intends to keep, they 
may be placed between the two regiſter glaſſes ff. For by taking out (with 
the point of a pen-knife or ſmall plyers) the ring that keeps in the glaſſes 
ff where the object lies, they will fall out of themſelves; ſo you may lay 
the object between the two hollow fides of them, and put the ring in as 
it was before: but if the objects be duſts or liquids, a ſmall drop of the 
liquid, or a little of the duſt laid on the outſide of the glaſs fFand applyed 
as before, will be ſeen very eaſily. | | 
1004. As to the farſt ſecond and third magnifying glaſſes, being mark- 
ed with a ++ upon the ivory wherein they are ſer, they are only to be uſed 
with thoſe plates or ſliders that are alſo marked with a +, wherein the 
objects are placed between two thin talks; becauſe the thickneſs of the 
glaſſes in the other plates or ſliders, hinder the object from approaching 
to the true diſtance from theſe greater magnifiers. But the manner of uſing 
them is the ſame with the former. Only remember to be careful when 
you put in or pull out the plate or ſlider ee, whereon the object lyes, or 
move it from one object to another, not to let it rub your magnifying 
glaſs; which is done by unſkrewing a little the end ſkrew D, when you 
put in or pull out your plate, or move it from one object to another. 
1005, For ſeeing the circulation of the blood at the extremities of the 
arteries and veins, in the tranſparent parts of fiſhes tails, &c. there are 
two glaſs tubes, the one bigger and the other lefler, as expreſſed at gg, 
wherein the fiſh is to be put; when theſe tubes are to be uſed, you are to 
unſkrew the end ſkrew D in the body of the microſcope, unril the tube 
gg, can be received eaſily into that little cavity G of the braſs plate ſaſten- 
cd to the leather F, under the other two thin plates of braſs at E: When 
the tail of your fiſh lies flat to the glaſs tube, ſer it oppoſite to your mag- 
nifying-glaſs, and by ſkrewing in or out your end ſkrew D, as is TE be- 
| ; g 1 ore, 1 
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fore, you may eaſily bring it-to-the true diſtance, and ſee the blood circy. 
late with great pleaſure. | 

1006. If you would ſee the blood circulate in a frog's foot, chooſe 
ſuch a frog as will juſt go into your tube ; then with a little ſtick 
expand the hinder foot of the frog, and apply it clofe to the fide of the 
tube, obſerving chat no part of the frog. hinders the light from coming 
on its foot; and when you have it at the juſt diſtance, by means of the 
ſkrew-D, as aboveſaid, you will ſee the rapid motion of the blood in its 
veſſels, which are very numerous, in the tranſparent thin membrane that 
is between the frog's toes. For this object the 4th and 5th magnifiers will 
do very well; but you may ſee the circulation in the tails of water-newts 
with the 6th and 7th glaſſes, by reaſon the globules of the blood of thoſe 
newts are as big again as the globules of the blood of frogs or ſmall fiſh, 
as has been taken notice of in Ne. 280. of the Philoſophical Tranſactions, 

1184. 
1 The circulation cannot ſo well be ſeen by the firſt ſecond and 
third magnifyers, becauſe the thickneſs of the glaſs tube wherein the fiſh 
lyes, hinders the approach of the object to the focus of the magnifying 
laſs. 

: 1008. The other inſtrument fig. 647 is made of braſs or prince's me- 
tal, with joints P P P to turn eaſily any way, and with a ſmall pair of tongs 
GG, which open at the points K, by wr together the two heads of 
the pins II, for taking up of objects. At the other end of theſe tongs GG, 
is ſkrewed on a round piece of black wood H, with a piece of ivory let 
into it, for placing 2 objects on, according to their difference of co- 
lour. Upon the end L there is a ſkrew, upon which the glaſs 6 ſer in the 
barrel- box may be ſkrewed. When the cali glaſſes are to be uſed, there 
is a ring R of braſs to be ſkrewed on the end L, into which ring all the 
other glaſſes M, may be ſkrewed. So when any object is taken up in the 
points of the tongs &, or laid upon the other end H, it may very eaſily 
(as one who ſees the inſtrument will perceive) be applyed to the true fo- 
cal diſtance of any of the glaſſes M, by the help of the joints PPP, and 
by means of the ſkrew C, with the wheel D, which being regulated by 
a ſpring N, will bring the object to the exact diſtance for diſtin& viſion. 

oog. The glaſs placed in the manner of a barrel-box at 5, is only to 
be uſed with the brats inſtrument (or in your hand) being the leaſt magni- 
fier, for greater objects, ſuch as flies and common inſects, &c, remembring 
to put the hole þ next to your eye. 

1010. In the viewing objects, one ought to be careful not to hin- 
der the light from falling upon them, by the har, peruke, or any other 
thing, eſpecially. in looking at opake objects: for nothing can be ſeen 
with the beſt of glaſſes, unleſs the object be at a due diſtance, with a ſuf- 
ficient light. The beſt lights for the plates or ſliders, where the object lyes 


tween 
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between the two glaſſes, is a clear ſky-light, or where the ſun ſhines on 

any white thing, or the reflection of the light from a looking-glaſs. The : 
licht of a candle is likewiſe good for the viewing of very ſmall objects, 

though it be a little uneaſy to thoſe who are not practiſed in microſcopes 

to find it but. The only uſe of the convex lens at C is to collect the light 

into a narrower compaſs where it falls upon the object, after it has paſſed 

through a — itehole in the leather F. 

1011. For the donvenience of thoſe who would draw, or make any 
ſketches or deſigns of microſcopical objects, they may alſo have a pe- 
deſtal to fix the two inſtruments above deſcribed, and make them ſtatio- 
nary to any convenient light, This pedeſtal may be placed on a table, 
and after the object and light are fixed, as many perſons as pleaſe may view 
the object, without any trouble or difficulty in finding the light. 

1012. The eye-glaſs is at V,, the object-glaſs at C, the middle glaſs at A deſcription 
A1; B is the cover or lid, to keep out the duſt from the eye-glaſs V; X 1 
the place of the eye, Va ſkrew where the eye-glaſs lyes; Al a ſkrew microſcope by 
where the middle glaſs lyes; A2 tha draw, where the outermoſt tube A 1 a Harris in 
Aa is disjoined from the inner one, of the ſame length; Z the frame or baſis —— 
on which che microſcope ſtands firm; J a ſmall drawer in the frame or Fig. 648. 
baſis, with a ledge or till in it, having fix partitions to hold fo many ſe- | 
veral obje&-glaſles, one magnifying more another, and fixed in braſs 
cells ready to ſkrew on at C, and marked 1, 2, 3, 4, 5, 6; theſe partitions 
are alſo marked, 1, 2, 3, 4, 5, 6; the other part of the drawer ſerves to 
hold the object- plate a; a pair of ſmall nippers ö, to take up, or han- 
dle any object conveniently ; another object- plate d, having one fide 
white and the other black, to fix your objects upon, as black upon white, 
and white objects on black. L, Mis a braſs ball and ſocket, on which the 
whole body of the microſcope is moveable, ſo as to lye in any poſition 
for the light. K, O a ſquare braſs pillar on which the microſcope is move- 
able up and down, by means of the collar E, into which the arm D, 

(holding the microſcope) is continued. G another braſs collar ſliding up 
and down on the pillar K O, having a ſmall ſkrew H by which it is, as 
occaſion ſerves, fixed faſt to the ſaid pillar, at any height. I a large braſs 
nut, in whoſe center is a female ſkrew, fitted to the male ſkrew F, which 
is fixed in the collar E: by the turning of which nut 7, (the collar G be- 
ing firſt fixed to the pillar by the ſkrew H) the microſcope is raiſed up or 
down on the pillar, and made to come nearer or go farther from the ob- 
jet Pc: and, which is alſo a very great advantage, the axis of the micro- 
ſcope is always kept perpendicular to that point of the obje&, over which 
it was firſt placed; ſo that here is not the inconvenience which occurs in 
other glaſſes, of often loſing the ſight of the object, by ſkrewing the glaſs C 
higher or lower. PY is a glaſs object- plate fixed in a braſs frame, whole arm 
MN. is fixed co the pillar by means of he aut O. The arm NN hath in 


© — — — 


Ece * 


- 


3 — K A ods + _—_ 
* 
* 


— 


— 
— * 


— 


2 — — 


402 THE MECHANISM OF MICROSCOPES BOOK ;. 


it a lit, by which it is eaſily put on, or taken off che pillar, and by which 
it may be fixed upon it at any diſtance. P a ſmall fiſh lying on the glaſs 
plate, that the circulation of the blood may be ſeen in the end of the tail. 
fin, at c. Ra convex-glaſs, by whoſe help a bright ſpot of light is brought 
from a candle at S, ſtanding on the ground, while the microſcope ſtand; 
on the edge of a table or ſtool, which ſpot of light c ſerves to render 
the circulation more conſpicuous. / a lead coffin to be put on the fiſh, 
to hinder it from ſpringing away, and moving his tail out of the light, 
1, 2, 3, 4, 5, 6, are marks on the pillar KO, to ſhew the reſpective 
diſtances of the object- glaſs from - the object you look upon, ac- 
cording as the object - glaſſes you make uſe of magnify more or leſs. 
Thus, for inſtance, if you uſe the object-glaſs 5 or 6 (either of which will 


ſhew the circulation of the blood) you muſt fix the upper edge of the 


collar'E, at the mark 5 or 6 on the pillar. And then the microſcope will 
be very near its exact diſtance from the object; ſo that by a ſmall turn or 
two of the nut I one way or the other, to be found by tryal, you may ſoon 
fit it exactly to your own eye. | 
1013. By this microſcope liquors alſo may be very commodiouſly ex- 
amined; for if you place a ſmall drop of any liquor on the glaſs-plate 
juſt in the middle of the ſport of light c, the parts of it will become very 
viſible, and its animalcula, if it have any, will be diſcovered. And thus 
may the eels in vinegar, the ſmall creatures in black- pepper water, or in 
waters where wheat, barly, &c. has been infuſed, the eels and other ſmall 
living creatures in puddle water, be as plainly ſeen as by almoſt any other 
microſcope. | Fir: | r ihe 
1014. There is0ne thing I ought not to omit to mention on this occaſion; 
which' is, that I have often with this glaſs, ſeen the circulation of the 
blood in the fins of the tails of tadpoles; and indeed more conſpicuouſly 
here than in any other creature: for the fins growing all round the tai}, 
and coming but a little way out beyond the body of it, both the ejacula- 
tion of the blood out by the arteries, and its return again by the veins, i 
much quicker than in the tails of fiſnes; and 4 more ſtreams, 
turns, and windings of the moving blood are here viſible, than I could 
ever ſee in any other animal. To which I may add, that the creature will 
live a good while out of the water, and will lie very ſtill. So far Dr. 


' Harris. © 


. 


1015. Dr. Hoek tells us in the preface to his Micrography that in molt 
of. his obſervations he uſed a 2 retaining the broad mid- 
dle glaſs, when he wanted to ſee very much of an object at one view, 
and taking it out when he would examine the ſmall parts of the objects 
more accurately. For always the fewer the refractions, the more bright 
and clear the object appears. Accordingly he tells us that objects appear 


more diſtinet and more magnified throug a fingle glaſs globule, prepared 
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as above i, than through any double microſcope. Nevertheleſs he ſeldom a Art. 987. 
made uſe of a ſingle microſcope upon account of the difficulties in placing 

the objects ſo near the globule as they ought to be. 

1016. Since the aperture of the object-glaſs of a double microſcope Illumination 
mult be very ſmall to ſhew the object diſtinct, and conſequently can re- ee . 
ceive but little of its light, the way to remedy this inconvenience is to il- * 
luminate the object as much as poſſible, Dr. Hook made choice of a room 
having but one window towards the ſouth; where at the diſtance of three 
or four feet from the window, he placed his double microſcope upon a 
table, and by a glaſs globe full of water and a thick plano- convex lens he 
collected the light upon the object. Or when the ſun ſhone he placed a 
piece of oiled paper very near the object, and with a very large burning 
glaſs he threw the ſun's rays upon the paper, ſo that a great quantity of 
them might be tranſmitted through it to the objeR But the paper being 
ſubject to take fire, if the focus of the rays fell upon it, inſtead thereof he 
ſometimes ſubſtituted a piece of plane glaſs, not poliſhed but only rough 
ground with fine ſand ; which when warmed gradually would endure 
much more heat than oiled paper, and conſequently would ſuffer more 
light to paſs through it to the object. By this means he ſays the light of 
the ſun was more equally diffuſed upon the parts of the object than the 
ſun's direct light; which coming but in one direction, would be ſo ſtrong- 
ly reflected from ſome parts of the object, as to drown the appearance of 
all the reſt that lay in che ſhade. In the night time he illuminated his ob- 
ject with the light of a lamp, firſt refracted through his globe full of wa- 
ter, (or clear brine which refracts more than water) and then collected 
into a ſmaller ſpot upon the object by a plano- convex lens. On the fide of 
the lamp oppoſite to the globe, he alſo placed a poliſhed concave metal, 
to reflect part of the rays upon the globe. And thus he ſays he could illu- 
minate an object with a ſmall lamp as much as it would well bear; and 
that he drew moſt of his repreſentations of objects by the light of his 
lamp. Why the Dr. always preſcribes the uſe of a plano-convex lens, I 
do not underſtand. For it isevident that a double convex lens will con- 
tract a given pencil of rays into a much ſmaller ſpace than a plano-convex 
one of the ſame ſphere, becauſe its principal focus is as near again to the 
lens. Bur after all though greater degrees of illumination are great helps 
to greater degrees of magnifying with ſmaller obje&-glaſſes, yet after 
* degree of magnifying, he obſerves, they leave us again in the 

rk. 

1017. Mr. Leeuwenhoek on the contrary in all his obſervations which Mr. Felke:'s 
he continued to communicate to our Royal Society for above 50 years to- yo BR 
gether, made little or no uſe of any other microſcopes but ſingle ones, microſcopes. 
as we are informed by our worthy Vice-Preſident Martin Folkes Eſquire, Phil. — 
in the account he has given us of Mr. Leeuwenboel's legacy to the 2 
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of 26 of theſe microſcopes. Thoſe that are converſant in microſcopical 
obſervations may be uſetully entertained withthis account, part of which 
I will here tranſcribe. © Theſe microſcopes are all ſingle conſiſting each of 
a ſmall double convex-glaſs, let into a ſocket, between two ſilver plates 
riveted together, and pierced with a ſmall hole. The object is placed on 
a ſilver point or needle, which by means of ſkrews of the ſame metal, 
provided for that purpoſe, may be turned about, raiſed or . ages and 
brought nearer or put farther from the glaſs, as the eye of the obſerver, 
the nature of the object, and the convenient examination of its ſeveral 
parts may require. Mr. Leeuwenhoek fixed his objects, if they were ſolid, 
to this filver point with glew; and when they were fluid or of ſuch a na- 
ture as not to be commodiouſly viewed unleſs ſpread upon glaſs, he firſt 
fitted them on a little plate of talk, or exceſſively thin-blown glaſs; which 
he afterwards glewed to the needle in the ſame manner as his other ob- 
jets. The obſervation indeed of the circulation of the blood and ſome 
others require a ſomewhat different apparatus; and ſuch a one he had, 
to which he occaſionally fixed theſe ſame microſcopes. But as it makes no 
part of this legacy, I ſhall omit giving any farther account ef. it; only 
raking notice it may be ſeen in a letter to the Royal Society, on the 12th 
of January 1689, and printed in his Arcana Nature detecta Nv. g6. 
Bur I was willing to mention juſt ſo much to ſhew the univerſal uſe of 
theſe ſingle microſcopes; and as it induces me, among other things to be- 
Leve, theſe were the kind of microſcopes generally, if not ſolely, uſed by 
this curious gentleman in all his obſervations, and to which weare obliged 
for his moſt ſurpriſing diſcoveries. 
1018. The glaſſes are all exceedingly clear and ſhew the object very 
bright and diſtinct; which muft be owing to the great care this gentle- 
man took, in the choice of his glaſs, his exactneſs in giving it the true fi- 
gure, and afterwards among many, reſerving ſuch only for his uſe, as up- 
on tryal he found to be moſt excellent. Their power of magnifying are 
different as different ſorts of objects may require; and as on the one hand, 
being all ground glaſſes none of them are ſo ſmall and conſequently mag- 
nify to ſo great a degree as ſome of thoſe drops frequently uſed in other 
microſcopes, yet on the other hand, the diſtinctneſs of theſe very much 
exceeds what I have met with in glaſſes of that fort; and this was what 
Mr. Leeuwenboek ever principally propoſed to himſelf, rejecting all thoſe 
degrees of magnifying in which be could not ſo well obtain that end 


For he informs us in one of his letters, where he is ſpeaking of the exceſ- 
five praiſe ſome give to their glaſſes on this account, that though he had 
above 40 years had glaſſes by him of an extraordinary ſmalneſs, he had 
made but very little uſe of them; as having found in a long courſe of ex- 
perience, that the moſt conſiderable diſcoveries were to be made __ = 

| glaues, 
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glaſſes, as magnifying but moderately, exhibited the object with the moſt 
perfect brightneſs and diſtinction. | 

1019. Nor ought we to forget a piece of {kill in which he very parti- 
cularly excelled, which was thar of preparing his objects in the beſt man- 
ner to be viewed by the microſcope : and of this I am perſwaded any one 
will be ſatisfied who ſhall apply himſelf to the examination of ſome of 
the ſame objects as do yet remain before theſe glaſſes. At leaſt I have my 
ſelf found ſo much difficulty in this particular, as to obſerve a very ſen- 
fible difference between the appearances of the ſame object, when apply- 
ed by my ſelf and when young by Mr. Leeuwenboel, though viewed 
with glaſſes of the very ſame goodneſs. I have the rather inſiſted upon 
this, as it may be a caution to us, that we do not raſhly condemn any 
of this gentleman's obſervations, though even with his own glaſſes we 
ſhould not be able to verify them ourſelves. We are under 2 diſad- 
vantages for want of the experience he had, and he has himſelf put us in 
mind, that thoſe who are the beſt {killed in the uſe of magnifying glaſſes, 
may be miſled, if they give too ſudden a judgement upon what they ſee, 
or till they have been aſſured by repeated experiments. But we have ſeen 
ſo many and thoſe of his — ſurpriſing diſcoveries, ſo perfectly con- 
firmed by great numbers of the moſt curious and judicious obſervers; 
that there can ſurely be no reaſon to diſtruſt his accuracy in thoſe others 
which have not yet been ſo frequently or ſo carefully examined. So far 
Mr. Folkes.. | 

2020. Thoſe that are curious in making exact draughts of the on Micrometers 

ances of objects ſeen in double microſcopes, may be very much aſſiſted by, TE, 
a lattice made with fine ſilver. wires, or with the ſtrokes of a diamond up- ſcopes. 
on a plane glaſs, put into the place of the image formed by the object- 
-glaſs ;. and by transferring the parts of the object, ſeen in the ſquares of 
the lattice, into correſponding ſquares of a ſimilar lattice drawn upon 
paper, It may alſo be of ſingular uſe in philoſophical enquiries to know 
the exact meaſures of the ſeveral veſſels and other parts of animal and ve- 
getable ſubſtances ; and this, as Mr. Baltbaſaris has obſerved in his little 
treatiſe upon Micrometers, may be done very exactly by a micrometer of 
the ſame form as is uſed in a teleſcope. For by opening the hairs of the 
micrometer till they exactly comprehend an object of a known length. 
ſuppoſe 2- inch, and by obſerving the number of revolutions in this 
opening; the diameter of any other object, anſwering to a known num- 
ber of revolutions, may be found by the golden rule. ; 

1021. But the moſt.ingenious Dr. James Jurin, in his excellent Diſſer - Dr. vun 
tations upon Phyſico- mathematical ſubjects pag. 45, has taught us a very — aig l 
accurate and ready way of doing the ſame thing even without a micro- ſropieal obs. 
meter. Firſthe twiſts a very fine filver wire a great many times about a jets, 
pin or a ſlender cylinder, ſo cloſely as to leave no interval between 5 
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wreaths, which he carefully examines by a magnifying glaſs ; then he 

takes the interval of the outermoſt wreaths between the points of a pait 
of fine compaſles, and applies this extent to a diagonal ſcale of inches; 
and by dividing this meaſure of that extent, by the number of wreaths } 
therein contained, he obtains the thickneſs of the wire it ſelf. Then he 
A cus it into very ſmall bits, and ſcattering them upon the object- plate, he 

VB places the object upon them, if it be tranſparent, or the wires upon the 
7 object, if it be opake; and by the eye he compares the parts of the object 
with the thickneſs of thoſe wires that happen to lye contiguous to them, 
*Applyed to 1022. Thus he obſerved that 4 obele of human blood would gene- 
bags. rally cover the breadth of a wire which he had found to be -1- part of 
inch, and by conſequence that the diameter of a ſingle globule was +3 
part of an inch. Which was alſo confirmed by Mr. Leeuwenhoek's obler- 

vations upon human blood, made with a piece of the ſame wire tranſmitted 
to him from Dr. Turin. Phil. Tranſ. N*. 377. = 

Other obſerva- 1023. We are alſo obliged to this learned and judicious gentleman, my } 
tions on blood. highly eſteemed friend, for two other microſcopical obſervations, to rectif) 
x, two vulgar errors. The firſt is, that the globules of blood were thought 
lighter ; the ſerum ; which gave riſe to a ſecond miſtake, that they 
contained either air or ſome elaſtical fluid within them. I have often pla- 
ced, ſays the Dr, a drop of ſerum upon a clean glaſs before a microſcope, 
in which I had diſſolved a very ſmall quantity of blood; and obſerved, } 

that when the glaſs was held in a perpendicular poſture, the blood-globules 
ſubſided to the bottom of the drop: and inverting the glaſs, the globules 
-again deſcended through the ſerum to the bottom. I had alſo the ſame 
Jucceſs with a ſmall quantity of ſerum and blood in a capillary tube. 
And the ſame has alſo been obſerved by the famous Mr. Leeuwenhoek. 
Hence it is by no means probable that the blood globules are veſicles filled 
with air, or any other fluidlighter than the ſerum; and that they are not fil- 
led with any ſort of elaſtick fluid, will appear by the following experiment. 
In a ſmall quantity of ſerum I diſſolved ſo much human blood as that 
the globules might not lye too thick together, to hinder their being ſeen 
diſtinaly. Then having lodged a ſmall drop of this liquor on the fide of 
a thin glaſs tube, I fitted the tube tothe air-pump and placed a microſcope 
by it, ſo that I could ſee the blood-globules through the tube. This being 
done I cauſed the tube to be exhauſted, keeping my eye upon the globules 
all the time, in order to obſerve whether they dilated themſelves, as the 
air was withdrawn ; but could not perceive the leaſt alteration ; they ap- 
pearing exactly of the ſame bigneſs in the Vacuum as they had done be- 
fore. Whereas if they had been filled with an elaſtick fluid, they would 
either have burſt, or have been dilated to at leaſt 70 or 8 times their for- 
GGW 
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fered to re-enter the tube, the blood - globules ſtill retained the ſame big- 
neſs as in vacuo. So far Dr. Jurin. Phil. Tranſ. No. 36. 
1024. In this microſcope, made by Mr. Culpeper and Mr. Scarlet, the A double mi. 

inner tube ab, which ſlides in the outer cd, holds all the glaſſes: The 1 
eye- glaſs is at aa, the broad middle glaſs at %, and the object - glaſs, being jeds are illu- 
et in a button at e, is ſærewed upon the end of a narrower tube /g; which _—_ by 
being fixed in the baſe of the inner tube, paſſes freely through a hole in pig. 9 
the baſe of the outer. The buttons that contain the ſeveral object- glaſſes 

are marked 1, 2, 3, &c. and the convexity of the inner tube is alſo mark 

ed with dotted circles, numbered 1, 2, 3, &c. in order to bring that cir- 

cle to coincide with the mouth cc of the outer tube, whoſe number is 

the ſame as that of the obje-glaſs then made uſe of. But if the object 

does not yet appear quite diſtinct, the button e upon the ſnout /g muſt-. 

be gradually unſkrewed, to bring the glaſs nearer to the object placed be- 

low it. Of theſe glaſſes the greater magnifiers are known by their having: 
"ſmaller apertures. | | 

- 1025. The baſe dd of the outer tube is ſupported by three braſs pil-- 

lars, fixt into a pegel hb; and a little below the object-plats: A 

a Circular plate i / is lodged like a ſtage between the pillars, . three-ſemi- - 

circular notches being cut in itscircumference to receive the pillars, and 

to reſt upon three rings that ſurround them. Three ſmall braſs circles mn 

with holes through the middle of them, are to be placed over the hole : 
in the middle of the ſtage ; and then the ivory plate o may be put between 

the two uppermoſt of theſe circles, which are preſſed together by a ſpiral.. 
ſpringing wire lodged between the two undermoſt; the two outermoſt | 

being held together by three ſmall pillars paſſing through three holes in 

the circumference of the middle circle. For viewing the circulation of 

the blood, the button p, on the under fide of the frame of a broad plane 

glaſs qr, being put through a ſlit i, made in the ſtage, a ſmall braſs plate 

g under the ſtage, muſt be ſhoved inwards, till a ſmaller ſlit in it embra-. 

ces the neck of the ſaid button; and then the fiſh being laid upon this 

glaſs and covered with the coffin , its tail may be brought ay under - 

the object-glaſs by turning the glaſs pg about the button, or by ſhoving 

it inwards or outwards along the {lit i in the ſtage. The circular object- 

plate vx has a like button in its center, to be put into the ſame ſlit as be- 

fore; and then the different objects, placed between two talks in the holes 

made round the circumference of the plate, may be viewed ſucceſſively 
py turning the plate about its center. 

1026. All theſe tranſparent objects are illuminated mighty well in this 

microſcope, either by candle- light or ſky-light reflected upwards from 

a concave looking- glaſs yz placed in a frame upon the center þ of the pe- 

deſtal. While you are viewing the object through the microſcope, turn 

this concave upon its horizontal poles , z, and you will ſoon find 1 | 
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chat poſition of it wherein it reflects the moſt Tight through the hole 
upon the object; and this happens when it reflects the rays very oblique- 
1y. Opake objects, when laid upon a black ebony or a white ivory plate, 
put into the hole E upon the ſtage, may be illuminated by candle- light 
tranſmitted through a double convex lens a g; the foot , of the frame ag 
in which it turns, being put into the hole / in the ſtage. The candle muſt 
be placed in a line drawn from the object through the middle of this lens, 
at ſuch a diſtance from it as ſhall cauſe the ſpot of light _ the object - 
plate to be the narroweſt. By day- light this lens gives little or no advan- 
tage to the direct ſky- light. | 
An extempore 1027, For want of a proper apparatus for a reflecting microſcope, I 
ting made the tryals I mentioned in art. 738 with this before us. Having re- 
-microſcope. moved the concave looking-glaſs and its frame x yz, and having cemented 
Fig. 649, 650. the back of a concave metal AB to the top of a ſmall wooden cylinder 
\Cabout an inch long, I placed this cylinder within a hollow braſs tube 
D; whoſe ſides were ſlit downwards to make it ſpring towards the cylin- 
der C, and thereby ſupport it at any given height. Then I ſkrewed the bot- 
tom of this tube to the center of the pedeſtal h̊ by a ſkrew whoſe head lay 
under it. I placed my object over the hole & upon the glaſs- plane 
gr, for laying fiſh upon; and enlightened it, in the night time, by can- 
Ale. licht refracted through the lens a g: then having took out the object- 
-glaſs and the broad middle glaſs 55, I adjuſted the diſtance of the eye-glafs 
44 from the concave, by raiſing or depreſſing the inner tube that contain- 
ed it; or by inſerting a longer tube. I believe the experiments would have 
ſucceeded better, had I encompaſſed the reflecting metal with a wide looſe 
tube, blacked within and extended from the pedeſtal up to the hole æ under 
the 1 to exclude all other light from falling upon the metal, 
aut chat which deſcended from the object it ſelf, 
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Philoſophical Treatiſe, 
' Containing the hiſtory of telgſcopical diſcoveries in the heavens. 
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CHAPTER I. 


a ſſepical diſcoveries in the ſun. 


roa8. N the year 16 10 Galileo made the firſt diſcovery of ſpots in the Galiles 
| ſun, ſoon after he had finiſhed his teleſcope ; and in oppoſition gent 


to the received opinion of the unalterable ſtate of the heavens, 
maintained, that theſe ſpots conſiſted of a kind of matter that 
© ſuffered very great and ſudden alterations; that they adhered to the ſun, 
which carried them round an axis of his globe in about a month; that he 
took this axis at firſt ro be perpendicular to the plane of the earth's annu- 
al orbit, becauſe the courſes of the ſpots appeared on the ſun's diſk as 
ſtraight lines parallel to that plane; which then happened through a parti- 
cular direction of the floating motions of the ſpots upon the ſun's ſurface, as 
he ſoon collected from the viſible alterations in their ſhapes and ſituations 
to one another when ſeveral of them appeared rogether ; and thence he 
concluded, that the general courſe of the ſpots was frequently varied a 
little, in like manner as, to a perſon viewing the earth from a great di- 
ſtance, the clouds would appear to move parallel to one another and to 
the equator, with the uniform velocity of the earth's diurnal revolution, 
unleſs diſturbed a little from that regular courſe by their floating in the 
atmoſphere. | | 
1029. Arfirſt, I ſay, he took the apparent motion of the ſun's ſpots to be 
rectilinear and parallel to the ecliptick; but a yearor two after upon obſerv- 
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ing an entire tranſit of a large ſpot, and by marking its place at noon, day 
after day, upon a circular paper anſwering to the ſun's diſk, he found its 
courſe was a little incurvated; and thence he concluded that the ſun's. 
axis was a little inclined to the plane of theecliptick. 

1030. The fame of this diſcovery ſoon excited others to make the like 
obſervations, and occaſioned ſome diſputes upon the nature of theſe ſpots. 
Thoſe who contended for Ariftotle's doctrine of the unalterable ſtate of 
the heavens, maintained, they were either illuſions of the teleſcope, or, 
if real bodies, were a large ſyſtem of ſatellites, which like Mercury and 
Venus moved round the ſun, in ſuch narrow circles as even in their great- 

eſt digreſſions from the ſun to be totally obſcured by the ſplendor of his 
.  rays;, and therefore never viſible but as ſpots on his body at the times of 
their inferior conjunctions with it. | | 

1031; In oppoſition to that hypotheſis Galileo alledged two phænome- 
na ; firſt, that many ſpots are obſerved to break out near the middle of 
the ſun's diſk, others to decay and vaniſh there or at ſome diſtance from 
the limb; which plainly ſhews them to be generated and diſſolved. For 
if without generation and diſſolution, they were brought into view by, 
progreſſive motion only, their ingreſs and egreſs at the limb of the ſun. 
would always be viſible. | 

1032, Secondly, from the changes. of their apparent velocities and 
ſhapes, conſtantly regular, and exactly agreeable to the rules of opticks, 
he inferred their contiguity to the ſun's ſurface; ſeeing that immediately 
after their ingreſs, and towards their egreſs, their apparent motions upon 
the diſk were exceeding ſlow, and quickeſt at the middle of it; and that 
their ſhapes were oblong and ſlender near the limb of the diſł, but grew broa 
der and rounder towards the middle of it; and that theſe variations of ve- 
locity and ſhape, when duly obſerved and computed, agreed exactly to 
the motions and poſitions of ſpots adhering to the ſun, bur differed enor- 
mouſly from their motions in concentrick circles, even at very ſmall di- 
ſtances from the ſun's ſurface. Beſides, ſays he, were they ſpherical bodies 
like other planets and ſatellites, they would appear always round, even at 
the limb of the diſk, as well as the middle; it being peculiar to a ſpheri- 
cal body, to appear always ſpherical. Therefore the apparent contraction 
of the ſpots towards the margin of the diſk, and dilatation. towards the 
middle, plainly ſhews them to be a ſort of ſubſtance whoſe thickneſs is but 
{mall in compariſon to its length and breadth, and conſequently ſome- 
thing that adheres to, or floats upon, the ſurface of the ſun. 

1033. From what has been faid it appears that Galiles made a compleat 
diſcovery of all that we know at preſent of the nature and properties of 
theſe ſpots; what others have ſince added, is only an exacter determina- 
tion of the poſition of the ſun's axis, and of the periodical time of his mo- 

| tion 
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tion round it, which without ſome viſible ſpots could never have been 
known to us. 14:56 66 | 

1034. Conceiving a perpendicular ab, to the plane of the earth's an- The inclinati- 
nual orbit efghik/m, to paſs through the ſun's center c, it is collected RY 
from the apparent curvilinear courſes of the ſun's ſpots, that his axis pc torto the eclip- 
is inclined to the perpendicular ach in an angle of 7 degrees; and that —— 

a plane paſſing through the axis po and perpendicular a6, cuts the ecliptick * bo 
in the 8th degree of Piſces, on the fide next the ſun's north pole p, and 
conſequently in the 8th of Virgo on the fide next his ſouth pole o. Schei- 

ner determined the angle ac to be 7 degrees, and Caſſini 8, but chuſes to 

take a medium of 72; in the reſt they both agree. 

1035. Conſequently the plane of the ſun's equator #q is inclined to 
the plane of the earth's annual orbit in an angle of 7 + degrees, and being 
produced will cut the orbit in two oppoſite points e, 7, at which when 
the earth arrives, the ſun's equator will appear to an eye in the plane of 
it, as a ſtraight line upon his diſk. Conſequently if the earth ſtood ſtill 
at e or i for about a fortnight, a ſpot upon the ſun's equator would appear 
to deſcribe a diameter of his diſk, inclined to the ecliptick in an angle of 

+ degrees. 444) 

. I — But while the earth is moving in her orbit from e towards g, or 
from i towards /, the perpendicular diſtance of the ſpectator's eye from 
the plane of the ſun's equator produced, will increaſe continually; and 
conſequently the viſible projection of the ſun's equator upon his diſk (or 
any plane parallel to the diſk) will become elliptical and grow wider con- 
tinually ; and when the eye arrives at g or /, will be an ellipſis whoſe 
long axis is to its ſhort one, as the radius to the ſine of 7 & degrees, or as 
100 to 13; becauſe two lines drawn from g or / to æ and q will be nearly 
perpendicular to 46. | | 

1037 The 8 figures below at E, F, G, H, I, K L, M, repreſent the Fig. 651. 
apparent ſhapes and poſitions of the ſun's equator ſeen upon his diſk a 
from the places e, f, g, b, i, &, I, m of the earth's annual orbit, on the days 
noted at the ſides of theſe figures, and deduced from the ſun's apparent 
places in the 8th degree of U, , , * abovementioned, and likewiſe 
on the intermediate days of the ſolſtices and equinoxes for the preſent age. 

1038. On theſe 8 days the meridian plane of any obſerver's place cuts Apparent 
the ſun's diſk at noon in the line n, whoſe poſition and inclination iy cones. of the 
the ecliprick, and its axis ab, will be found on thoſe days, as here repre- ,, 9 
ſented, by ſeeking the ſun's place in the ecliptick of a globe, by bringing 
it to the brazen meridian, and by obſerving the angle and poſition in whic 
the meridian croſſes chat part of the ecliptick. 

1039. Therefore by turning towards the ſouth and holding the diame- 
ter mu, belonging to any one of thoſe eight days, in an upright poſture, 
that your eye may view it in your meridian, the line ©q ſhews you the 

| 3 # appa- 
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apparent ſhape and poſition: of the ſun's equator to his vertical diamerey 
mn at the noon of that day; and by holding the diameter in the plane 
of any other hour circle, paſſing through the ſun's center, you have the 
poſition of his equator and parallels at any hour of thoſe 8 days: which 
is ſufficient to give an idea of the courſe of the ſun's ſpots, not only upon 
thoſe particular days but any intermediate day in the year. 
How to ob- 1040. The agreement of this theory with the courſe of any ſpot may 
ſerve the be practically examined, by obſerving it day after day with a teleſcope 
Fig 652. bor. furniſhed with four fine wires in its focus, croſſing one another in equal 
| angles of 45 degrees, and fixt in ſuch a poſition to the courſe of the ſun's 
diurnal motion, that his upper or under limb may touch any one of the 
Art. 874. wires as op and move along it *. At the inſtant of time when the ſun's. 
Fe antecedent limb arrives at the wire og, perpendicular to op, and touches 
it in r, imagine his motion to be ſtopt till you draw his diameter 7s, and 
from the ſport 7 the line t ux, perpendicular to oꝗ, cutting it in z and ei- 
ther of the oblique wires in x. Then by obſerving the number of ſeconds 
in which the ſpot ? will be carried to # and to x, and the point s to f by 
the ſun's uniform mation, you have three numbers proportional to the 
lines 7's, Tu, ux or uo, whereby the poſition of the ſpot is determined with 
reſpect to the diameter 75; ro which the diameter n in this and the fore- 
going figures is perpendicular, as being a portion of an hour cirele. And 
buy repeating the like obſervation day after day, you may find as many 
points of the ſpor's courſe as you pleaſe; but be the obſervations ever ſo 
exact, thoſe points can never form an exact portion of an ellipſis or a 
ſtraight line; becauſe while the earth is moving in her orbit, the poſi- 
tion of the obſerver's eye, to the circle deſcribed: by the ſport in turning 
about the ſun's axis, is continually changing. But if a correſponding num- 
ber of points of the ſport's courſe be determined upon the principles of the 
theory, they will agree very well with the poſitions of the obſerved points; 
of which many inſtances may be ſeen in the Memoirs of the Royal Aca- 
demy of Sciences: I will. tranſcribe only one. | 

Anobſervation- 104 1. In the year ,1678. Feb. 25. N. S. 8", a. m. Caſſini faw a ſpot in 
2 — the ſun ſurrounded by the uſual nebuloſity, and advanced ſo far upon the 
ow © diſk, that he judged it might have been ſeen three days before had the 

Recueil dg {ky been clear. It lay a little below the ecliptick upon thediſk, and at 8”. 
en 2 40. its diſtance from the ſun's eaſtern limb was + of the diameter of the 
601. diſk, This very day the ſun's ſouthern pole arrived at its greateſt eleva- 
is. 653. tion 60 of 7 g degrees above the ſouthern limb of the diſk, which always 
happens when the ſun is in the 8th degree of Piſces. Conſequently the 
ſun's equator was alſo elevated 7 degrees above the ecliptick of the diſk, 
and the ſpot was then about as much below the equator of the diſk ; by 
which he concluded it would paſs very near the center of the diſk in the 
morning of Feb, 28, as repreſented in the figure; which he drew before- 


hand. 
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hand, According to this prediction, on Feb. 2 8. 90. 30“. a. m. he ſaw the 
north ſide of the ſpot upon the center of the diſk, and at the ſame hour 
of the ſubſequent mornings he ſaw the ſpot in the very places he had 
marked in his figure; which entirely confirmed the elements of his theo- 
ry ; namely, that the ſun's axis was then inclined 7 + degrees to the plane 
of his diſk, that the ſpot adhered to the ſun's ſurface, and made an ap- 
parent revolution to the center of the difk in 27 4 days. 

1042. In the year 1639 Scheiner publiſhed his Roſa Urſina containing, 
he ſays, near 2000 obſervations of ſolar ſpots for 20 years together, in 


Periodical -- 


time of aſpot's 
apparent revo- 


which time he frequently ſaw above 5o at once, but for 20 years after, lution. 


betwixt 1650 and 1670, ſcarce any appeared *. He found that many of * Phil. Tran, 


his ſpots ſcarce exceeded 25 days in making an apparent revolution from N.. 75: 


a given place on the diſk to the fame again, that others took up 27 days, 
and ſome others near 28. An apparent revolution reſults from a combi- 
nation of three different motions; of the ſun about his axis, which no 
doubt is uniform ; of the earth about the ſun, whoſe variations are regu- 
lar and known; and of the ſpot upon the ſun's ſurface, whoſe irregula - 
rities are unknown. Since the ſun's motion about his axis, and the earth's 
about the ſun, have the fame direction, it follows that, about midſum- 
mer, when the earth moves ſloweſt, the periodical time of a ſpot's revo- 
lution to a line connecting the centers of the ſun and earth, is the leaſt 
of all, cæteris paribus, and the greateſt about midwinter when the earth 
moves quickeit. But the difference in time thus arifing, cannot exceed 
four hours, and therefore the greater part of the difference in the periods 
abovementioned muſt" ariſe from the floating motion of the ſpots upon 
the ſun's ſurface. Scheiner and Caſſini the ſon“ have alfa obſerved that 

riodical times of the nearer ſpots to the equator: are ſhorter than 


the 
ole of the remoter; and Caſſini the father obſerved the like property in 
Jupiter's ſpots “. 

1043. Theſe irregularities ſeem to create great difficulties in determin- 
ing · the time of the ſun's exact revolution about his axis; nevertheleſs 


Mem de I 
Acad. 1703 
p- 142. 8 vo. 
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Acad. 1692 


Caſſini the father, obſerving that ſeveral. large ſpots had often appeared 


and diſappeared in the very ſame parallel to rhe ſun's equator, imagined 
that ſome dere place or places in it might be diſpoſed, at different 
times, to ſupply the matter of theſe ſpots; and if ſo, that they ſeldom 


went far from the place of their origin: juſt as the fumes of mount Ætna, 
if ſeen from the ſun, at the times of their greateſt eruption, would ap- 
pear as a ſpoton the earth's diſk, returning conſtantly to the ſame fitua+ 
tion after every 24 hours very nearly; ſomerimes a little ſooner, at other 
times a little later, according as the wind might happen to drive the fumes 
eaſtward or weſtward from the mountain. He then conſidered that if 
this compariſon were applicable ta the ſun, the apparent periodical time 


ot + 


| 
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of a ſpot, ſo nearly fixt to a certain place, would be nearly the ſame as 
that of the ſun it ſelf, and be a common meaſure of ſeveral large inter- 
vals of time betwixt the ſport's appearances in the ſame apparent place of 


its parallel. Accordingly by comparing many diſtant obſervations toge- 
ther, he found a common meaſure of many ſuch intervals of time to be 
274. 120. 20", very nearly . 

1044. For example, betwixt an obſervation of his own-on May 14. 


N. S. 1684., and another on Apr. 29. 1686, there paſſed 7 15 days, that 
is 26 times 27 4 days; again by dividing the days berwixt the former of 


thoſe obſervations and a later on May 13. 1688, by 54 revolutions, the 


. quotient gave him 27%. 12", 40. for a mean revolution; and a mean be- 
twixt this and the former is 277. 12". 20"; although he had obſerved that 


a ſingle revolution of ſome of thoſe ſpots was performed in 27 4 days, of 
ſome others in 275, and of others in 27 +. | | 


1045. Laſtly by turning over the earlieſt obſervations made by Scheiner 


and Hevelius, for ſpots ſeen alſo in the month of May and in the ſame pa- 
rallel with thoſe he had conſidered, he found one in 1625 and another in 


1644, which he compared with the three abovementioned, and ſettled 


the limits of fix grand intervals of time, whoſe common meaſure was a- 
bout 2574. 12%. 20”, within 4 or g minutes at moſt. This period may there- 


"The time of 

ſan's revoluti- 
on about his 

axis. 


Pig. 654. 
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fore be attributed to the ſun it ſelf rather than any other, as being of a 
middling length among many ſingle periods of various ſpots, and deduced 
from obſervations all made in the ſame month of May or near it, and con- 
ſequently leſs affected by the inequalities of the earth's annual motion. 
1046, Hence the periodical time of the ſun's revolution to a fixt ſtar 

is 251, 15", 16m, For in 274. 12". 20m. of the month of May, the earth 
deſcribes an angle Ac B or ac b, about the ſun's center c, of 269. 22", and as 
360* —+ 269. 22, to 360", ſo is 271. 12", 20m, the time of the ſun's a 
parent revolution to the moveable line c, to the time of his abſolute 
revolution to the fixt line ca.4, which therefore is 254, 15", 16m. 

1047. All ſpots conſiſt of a black part in the middle, of ſome irregular 
figure, encompaſſed with a nebulous border of a colour leſs dark; and it 
often happens, after a gradual decay and u of the black part, 
that its place ſeems brighter than the reſt of the ſun, and continues ſo 
for two or three days. Theſe brighter ſpots are called faculæ. 

1048. The magnitude of the ſurface of a ſpot may be eſtimated by the 
time of its tranſit over a hair in a fixt teleſcope Galileo reckons ſome ſpots 
to be larger than all Afa and Africa put together. But had he known 
the ſun's parallax and diſtance as exactly as we do, he would have found 
them much larger than the whole ſurface of the earth. For in 1612 he 
obſerved a ſpot ſo large as to be plainly viſible to the naked eye; it there- 
fore ſubtended an angle at the eye of about a minute . The diameter of 
the earth, if removed to the ſun, would ſubtend an angle of but 20 ſe- 


conds. 
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conds . Therefore the diameter of the ſpot, was to the diameter of the n 
earth as 60 to 20 or 3 to 1, and conſequently the ſurface of the ſpot, if 
circular, to a great circle of the earth, as ꝙ to 1, and to the whole ſurface 
of the earth as 9g to 4 or 2 f to 1. Gaſſendus obſerved a ſpot whoſe dia- 
meter was of the ſun's, and therefore ſubtended an angle at the eye of 
above a minute and a half. Its ſurface was therefore above five times 
larger than the whole ſurface of the earth. He tells us he faw above 40 
ſpots at once, but did not perceive that the light of the ſun was ſenſibly 
diminiſhed ; nevertheleſs the paleneſs of the ſun mentioned by hiſtorians, 
as after the death of Julius Cæſar, might poſſibly. be cauſed in this man- 
ner, provided we admit the fact, and do not regard it as an invention of 
flattery. GH 
ny From the perpetual emiſſion of the ſun's light, how minute and Sun's decreaſe 

delicate ſoever, it is reaſonable to conclude that his body muſt waſte, and er 
therefore could not have exiſted from eternity, as a luminous body, with- 
out a ſupply of new matter. Some ſupplies may come now and then, as 
Sir Jaac Newton imagines, from the falling of comets into the ſun, He 
computes that the comet in 1680 approached towards the ſun's: ſurface . 
within leſs than a ſixth part of the ſun's diameter; and, by moving with 
an immenſe velocity in that nearneſs, he concludes that it muſt have been 
retarded by the reſiſtence of the ſun's atmoſphere, and b. es muſt. 
approach nearer and nearer after every revolution, till at laſt it falls in- 

to the ſun. It muſt he confeſſed that theſe ſupplies can happen but very 
rarely, and that the bodies of comets are very ſmall in compariſon to the . 
vaſtneſs of the ſun; nevertheleſs, conſidering the inconceiveable minute- 
neſs of the particles of light, though continually flying from the ſun, a 
few ſuch ſupplies may abundantly ſuffice for keeping up his bulk for 
innumerable ages, without ſenfible diminution to the inhabitants of the 
ſyſtem. The moſt ancient obſervations of the ſun's diameter compared 
with the preſent, are quite inſufficient for determining whether it be di-: 
miniſhed or nor. . 
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| Cu Ar TER II. 
Telgſcopical diſcoveries in Mercury and Venus. 


1050. W HEN Copernicus revived the ancient Pythagorick Syſtem, phates of 
- aſſerting that the earth and planets moved round the ſun. Vers. 
in the center of their orbits, the Ptolemaicks objected, if this were true, 
that the phaſes of venus ſhould reſemble choſe of the moon. Copernicus 
replied, that ſome time or other that reſemblance would be found out. 
This prediction was fulfilled by Galiled, who ſent this firſt diſcovery of 
the phaſes of venus in a letter, written from Florence in 1611, to ef 
1am 


8.655. 
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liam de Medici, the Duke of Tuſcany's Ambaſſador then reſiding at Prague, 
deſiring him to communicate it to Kepler, firſt mathematician to the 
Emperor Rudolphus II. The letter is extant in the preface ro Kepler's Di- 
optricks, and in engliſh is this. Being undoubtedly certain of the truth 
of the diſcovery concealed in the cypher ſent you ſome weeks ago, it is 


now time to explain it to your Excellency, and by you to Sig* Kepler. 


Know then, that about three weeks ago, when venus became viſible in 


the evenings, I began to obſerve her very diligently with my teleſcope, 
hoping to ſee with my eyes, what my underſtanding did not at all doubt 
of. At firſt then I ſaw venus perfectly round, near and diſtinctly termi- 
nated, but very ſmall; which figure ſhe retained till ſhe approached 
nearer to her greateſt digreſſion from the ſun, increaſing continually in 
apparent bulk. From that time her figure began to fail of its roundneſs 


on its eaſtern ſide which lay from the ſun, and in a few days was reduced 


to a perfect ſemicircle ; and continued ſo without the leaſt alteration, till 
ſhe left the tangent to her orbit, and began to return towards the ſun. 


Ar preſent the ſemicircle becomes more and more hollow every day, its 


angles being changed into horns, which will grow ſharper and ſharper, 


till they become ſo thin as to vanith at her occultation in the beams of 
the ſun. Hence paſſing by to her morning appearance, we ſhall ſee her 


fine horns again, pointing from the ſun, and growing fuller and fuller 
up to the angles of a ſemicircle, at the other greateſt digreſſion from the 
ſun, which ſhape will continue many days without ſenſible change. Hence 
forward the ſemicircle will ſwell out gradually till it be almoſt compleat- 
ly round, and will keep ſo for ſome months. At preſent the apparent 
diameter of venus is about five times greater than it was ather firſt even- 
ing appearance. By theſe obſervations of this admirableappearance, we have 
the.moſt certain, ſenfible deciſion and demonſtration of two grand que- 
ſtions, which to this very day have been doubtful and diſputed among 
the greateſt maſters of reaſon in the world. One is, that the planets in 


.their own nature are opake bodies, attributing to mercury what we have 
ſeen in venus. The other is, that venus neceſſarily moves round the ſun, 
as alſo mercury and the other planets; a thing well believed indeed by 
Pythagoras, Copernicus, Kepler and my ſelf, but never yet proved, as now, 


by ocular inſpect ion upon venus. Kepler and the Copernicans may there- 


fore glory with good reaſon, in having philoſophiſed ſo well as not to 


ſeem vainly credulous, though hitherto looked upon as fools and bigots 
by all thoſe that ſeek philoſophy in books only. As to the cypher, ſent 


you in letters tranſpoſed into theſe words, Hæc immgtura a me fruſtra le- 


guntur, o, y, the ſame put in order run thus, Cyntbiæ fguras emulatur ma- 


I 


ter amorum, that is, venus imitates the phaſes of the moon. I am &c. 


Galileo Galilei. 
Fiorence 1. Jan, 1611. 
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105 1. Galileo's teleſcope ſcarce magnified enough to diſcover the like 
es of Mercury, whoſe exceſſive brightneſs was another impediment. 
ut from this and his ſhorter digreſſions from the ſun, than thoſe of Ve- 
nus, he guſtly-coneluded, that the orbit of Mercury lay within that of 
Venus. Mars he plainly perceived was ſomerimes gibbous, or deficient 
from perfect roundneſs. Jupiter appeared to him always round, and Sa- 
turn too, which he took to conſiſt of three contiguous globes, as explain- 
ed hereafter. From theſe diſcoveries of the phaſes of the planets and their 
degrees of brightneſs in proportion to their nearneſs to the ſun, he ſoon 
compoſed the very firſt, and ſtill the beſt, as being the ſhorteſt and plaineſt 
demonſtration of the true ſyſtem of the univerſe; which till then had been 
always dubious and diſputed; followed indeed by the beſt judges, but for 
no other reaſon than that it afforded more ſimple and eaſy ſolutions of 
phenomena, than could be deduced from Pealemy's hypotheſis ; which 
tho ſufficient to determine their choice, was {till too far from a ſatisfa- 
cory. proof of the real order of the heavenly bodies. | 


1952; M. de la Hire was the firſt perſon that diſcovered and obſerved Venus and 


the tranſits of fixt ſtars and planets over the meridian at noon day *. This 
he did through the moveable teleſcope belonging to the mural quadrant 
at the Royal Obſervatory at Paris, and ſays, that he never failed of ſeeing 


the tranſit of venus, though within two degrees of the ſun, to the right or p. 288. 4to. 


left, upwards or downwards; that in 1700 Aug. 27%. 0". 24m, he oblerved 
her tranſit with 2 16 foot tube, which magnified her diameter (of one 
minute) about go times, and conſequently ſhewed it three times larger 
than that of che moon viewed by the naked eye; that ſhe then appeared 
in the form of a fine ſlender creſcent, with her horns in an horizontal 
line and her back upwards; that in the interior arch of the creſcent he 
ſaw ſome inequalities more conſiderable than thoſe of the new moon; 
that he had obſerved the like at other times, by which he judged ſhe 
might have ſpots-upon her, viſible at other times; like thoſe of the other 
planets; that the ſplendor of the atmoſphere, ſo near the neighbouring 


ſun, took off ſo much from the exceſſive luſtre of venus, as to render her 


appearance much. neater, better defined and freer from Colours than at 
any other time and place; and that the eye-ghzſs of the teleſcope need not 
then be ſmoaked; Laſtly, that in Nov. 1691 he ſaw her at noon. very near 


her ſuperior conjunction with the Jun, appearing round and very ſmall *. Lug — | 
ath. y. 
Tom. X. p. 


20. 


1053. Nothing is more commodious for ſettling the motions of mer- Venus and 
cury and venus than their appearances upon the tun's diſk, a delightful Remy vifi- 


ble in the ſua's 


light to aſtronomers, and long wiſhed for in vain before the invention of diſc. 


What has been ſaid of venus is applicable to mercury; whoſe phaſes were 
firſt diſcovered by Martinus Hortenſius. 


teleſcopes. The writer of the life of Charles the great relates, that mer - 


cury was ſeen in the ſun for 8 days together, 17. Mar. A. D. 807 “. but — 11 


G g g this Sci. p. 469. 
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cis no doubt was ſome large ſpot in the ſun; fince mercury is far too 
ſmall to be ſcen there with the naked eye. Kepler, before he finifthed his 


tables, had placed the nodes of mercury's orbit at the beginning of che 
fgus of gemini and ſagittary, and thence ——— appearance in the 
fun, 20 May 1607 ; on which day he obſerved the ſun very Ailigently, 
viewing his image caſt upon a paper in a dark room through Amal hole 
in the window- ſhut. Then alſo there happened to be à large ſpot in the 


fun, which Kepler took for mercury. It was lueky for him that teleſcopes 


* Rem. 128, 


were invented ſoon after, which preſently convinced him, that what he 
took for mercury was only a ſolar ſport. Upon this he reified his tables, 
and by placing the nodes of mercury about the middle of taurus and ſcor- 
pio, he predicted, that his firſt appearance in the ſun would be on the 
7th Novem. 163 1. N f Parts n CIOBGST. a 

1054. Gaſſendus was then at Paris and made due preparation to ob- 
ferve it, in the manner he had uſed to obſerve ſpots upon the ſun, by 
receiving its rays through a teleſcope a little lengthened in-ofder to col- 
lect them into an image caſt upon a white paper *; and in walching for 
mercury he felt into the contrary miſtake to that of Kepler, taking mer- 
eury himſelf for a ſolar ſpot, juſt ſprung from the ſun, having found it 


quite free from them the day before. However he took the poſition of the 


Phil. Tranſ. 
J. 193. 


{pot once or twice, intending to compare it witk that of mereuryy which 
he thought would appear much larger. But in taking its tinrd poſition, 

and obſerving it moved quicker than ſpots uſually did, he began to ſuſ- 

pect it might be nete ry Eimer ; and being farther aſſured of it by his 

fourth obſervation, he prepared to obſerve its egreſs from the ſun's diſk, 
which happened Novemb. 74. 10", 20". mane Sty. N. at the diſtance of 
33 degrees from the ſun's vertical point. This was the firſt time that 

mercury was ever ſeen in the ſun, and the only obſervation then made of 
thar tranſit. Several ſubſequent obſervations of the like tranſits are col 

lected in du Hamel s Hiſt. of the Royal Acad. of Sci. p. 47s. edit. 2d, from 
which I extracted that of Gaſſendus. en | 

1055. In the year 1691 Dr. Halley 1 a moſt accurate theory 

for finding the viſible conjunctions of mercury and venus with the ſun, 
together with a ſpecimen of it, in tables of all the times of their appear- 
ance in the ſun's diſk for two centuries, beginning from the time of the 

invention of teleſcopes? which tables agree with the lateſt and beſt ob- 

ſervations to a wonderful degree of exactneſs. For the obſerved time of 
the conjunction of mercury on the 29th of Octob. 1723, was but 4 + 
minutes ſooner than the prediction, and the latitude of mercury but ſix 
feconds more ſoutherly ; the error in longitude being little more than two 


- diameters of this exceeding ſmall planet, and in latitude ſcarce a ſingle 
diameter: ſo that for the future, aſtronomers may truſt that table of tran- 


*-Phil. Tranſ. 


N. 386, 3 7 


ſits to a few minutes, as its author has juſtly obſerved “, and 8 
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with the- uncertainty of hours, nay days, as had been lately done. The 


diameter of mercury was then obſerved with an excellent micrometer 


applied to the Hugenian teleſcope of 123 feet, and found to be 1004. 


tog. A ſight of venus in the fun was wiſhed for by aſtronomers with 


more impatience than that of mercury, as being the propereſt means for 
adjuſting the ſunꝰs diſtance from us, and ſome other important points in 
aſtronomy; But Kepler, having declared in his Optical Aſtronomy, pub- 
liſhed in 1604, and alſo in his epitome of the Copernican Aſtronomy, in 
1621, that no ſuch thing could happen in that century, nor the next till 
the year 176 1, all thoughts of it were quite laid afide. Nevertheleſs up- 
on correcting his tables in the year 1630, he altered his opinion and con- 
cluded that venus would be ſeen in the ſun in the year following, and ac- 
cordingly gave publick notice of it in the ſame advertiſement, wherein 
he predicted that tranſit of mercury which Gaſſendus obſerved. But as to 
venus, which was impatiently watched by Gaſſendus and others, the e- 
vent did not anſwer.” 5 4 

1057. Notwithſtanding theſe diſappointments, which occaſioned a ge- 
neral deſpair of obtaining a ſight of this rare phænomenon, yet it was ac- 
cidentally predicted and ſoon after obſerved by our countryman Jeremias 
Horrockes, a youth of an admirable genius, at Hool a ſmall village in 


Lancaſhire about 15 miles northwards from Liverpool. In the treatiſe he - 


wrote upon this ſubject, (which was publiſhed by Hevelius at the end of 
his Merrurius in ſole viſus) he tells us, that meeting with Lanſbergius's 
tables and finding them much extolled by their nas ot he thence com- 
puted ſeveral diaries of the planetary aſpects, in order to examine their 
agreement with the heavens, and correct them by his own obſervations ; 
which he did accordingly. Among other aſpects he computed the con- 
junction of venus with the ſun, by theſe and alſo by Kepler's tables, and 
found they agreed well enough in the ſame concluſion. This was contrary 
to Kepler's computation from his own tables, as I ſaid above, but Hor- 
rockes had corrected them by ſome of his own obſervations. At the a 

proach of the deſired time for obſerving this conjunction, through a tele- 


ſcope he projected the ſun's image upon a white paper in a dark room, 


and after waiting many hours with great impatience, at laſt on the 24th 
of Novemb. 1639 at 3 hours and - paſt 12, O. S. juſt after he came from 
church, he had the pleaſure to find a large round ſpot near the limb of 
the ſun's image, as repreſented at number 1. He made three obſervations 
of its poſitions 1, 2, 3, and as many of its magnitude, and found its dia- 
meter was of the ſun's at moſt; the ſpot was perfectly round and 
blacker than ſolar ſpots, from which it differed alſo in the quiekneſs of 
its motion, along the ſpace 1, 3, which it deſcribed in half an hour. He 
was de prived of a longer fight of it by the ſetting of the ſun. According 
to his draught of this appearance, the interior contact of venus with the 


Fig. 656. 
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ſun's limb is about 61 degrees from its loweſt point. He had given no- 
tice of this conjunction to his friend Will. Crabtree at Mancheſter, who 
Juſt got a fight of it before ſun- ſet, and obſerved the diameter of venus to. 
be gg of the ſun's. Theſe two were the firſt and only perſons that ever faw 
venus in the {un. Whoever peruſes the little treatiſe abovernenrioned; from 
which I have taken this account, muſt needs admire the ſpitit and genius. 
of this young aſtronomer, who died at the age of 22 in 164 1. His theory: 
of the moon and other poſthumous works were publiſhed in to by Dr. 
Vallis in 1673. any Non r 
1098. By Dr. Halley's table of the viſible conjunctions of venus in the 
ſun, it appears that Horroches ſaw the laſt that can happen till the year 
1701, when on May the 26th, near ſix in the morning at London venus 
will appear in the ſun's diſk not above four minutes ſouth of its center. 
This tranſit will continue almoſt 8 houres, from 2 ĩn the morning till al- 
molt 10, and therefore the ingreſs into the ſun's:diſk cannot be ſeen in a- 
ny part of England. Dr. Halley farther aſſures us, from his own obſerva- 
tion of mercury in the ifland of St. Helena, that the beginning and end 
of the tranſits of theſe planets over the ſun's diſk, maybe obſerved to tha 
exactneſs of one ſecond of time. I had the good luck, ſays he, to ſee 
mercury as he was entering the ſun's limb and made a black notch in it, 
and was certain of the inſtant of his total ingreſs; by a ſine thread of 
» the ſun's light, which immediately broke out from the interior contact 
| of the two limbs and ſtruck my eye inſtantaneouſly; and at the begin- 
ning of the egreſs of mercury, the like thread of light was broken and va- 
niſhed inſtantaneouſly at the other interior contact. If the like obſervati- 
ons be duly made upon the enſuing tranſit of venus, witch good clocks and 
teleſcopes, in ſeveral diſtant countries, he ſhews in what manner we may 
thence determine the ſun's parallax and diſtance from the earth, to the ex - 
| * Phil.-Pranſ. actneſs of a 500th part of the whole®.; whereas by the beſt obſervations 
b N. 348. hitherto made, we are nat abſolutely certain of thoſe quantities to leſs than 
about a ſeventh part of them. rion 5. 0 
Revolution of. I Ogg. In the year 1666 Signor Caſſini, then profeſſor of aſtronomy at 
venusaboutan Bologna, diſcoverd a bright ſpot in venus, not unlike ſome of thoſe that 


—_— a teleſcope conſtantly ſhews us in the moon near the full; and made the 


| * Mem.de following obſervations upon it in the year ,1667#, The ſeveral ſemicircles 
31 Acad. 1732 nes repreſent the diſk of venus, as appearing about half enlightened, at 
| us Bp | her: greateſt weſtern elongation from the ſun; n is the northern, e the 
| eaſtern and s the ſouthern fide of it; and ? the places af the bright ſpot as 

the times of obſervation noted at the fide of each ſemicircle. Suppoſing 
he conſtantly ſaw.one and the ſame ſpot, adhering to the ſame part of ve, 
1 nus, by a compariſon of theſe obſervations one with another, he conclude 
ed with ſome diflidence, that venus revolved about an axis in leſs than a 

day; at leaſt that che ſpot finiſhed its period either of revolution or libratiy 

8 ; | 8 f Oh. 


— — 
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on in that time, ſo, as in 23 days to return nearly to the ſame place in the 
diſk at the ſame time of the firſt and laſt of thoſe days. For by reaſon os. 
the vicinity of venus to the ſur” and horizon, he could not obſerve her 
long enough to ſee a continued motion of the ſpot through a large ſpace ;: 
and therefore durſt not pronounce whether irs motion were of the revolv- 
ing or librating kind! 4012 | 

1060. To give one deduction of the ſpot's periodical time, on Apr. 
20 the ſum roſe at Bologna at 3b. m, when, bythe. ſecond: obſervation, Fig. 657 
ot was equal to of the diameter an; and on Apr. 21 the ſun roſe at h. 
15m, and was 6%. 10“ high at 5b. 51m, when, by the fifth obſervation, 2 
was equal to 2 577, Therefore in the interval of 24". 340, 22 a con- 
tinued progreſſive motion of the ſpot, it deſcribed an arch of about 20“ 
degrees, anſwering to + of the diameter 57, or elſe had finiſhed one or- 
more revolutions beſides that arch: But without finiſhing one revolution 
its motion could not have appeared ſo evidently as it did between the third. 
and ſixth obſervations. Conſequently as 360 —+ 20? : 360®: : 24 . 34® :- 

23. 16® the periodicaktime required. Theſe two obſervations are fitter 
for this purpoſe than the reſt, becauſe the motion of the ſpor, then near-- 
eſt to the center, was apparently quickeſt. | f 
106 1. In the th obſervation, May 9, he ſaw the: ſpot move exactly 
to the diameter 3, from the ſouth towards the north, for above: 
an hour; in the foregoing obſervations its courſedeviated a little from the 
north towards the weſt, as appears by the figures. Of this direction 
of motion there is no other inſtance in the heavens, except in the moon's 
Iibration. He likewiſe perceived ſome obſcure ſpots _ the.difk,, but: 
their motions were too-irregular to conclude any thing from them. | E 

1062. We hear of no other obſervations of this kind till the year-r726, — 
when Sigr. Blanchini, the Pope's domeſtick prelate, obſerving venus at to B/anchini. 
Rome with Campan:'s glaſſes, whoſe focal diſtances were from 70 to 100 
Roman palmes, diſcovered ſeveral dark ſpots in her diſk, as repteſented in. 
the iſt, 2d and 3d plates of his book called Heſperi & Phoſphari nova: 
Phanomena. ae 

1063. On Feb: 9..he ſaw two ſpots bounded on one ſide by the ſeftion.Fis. 658. 
that ſeparates the light and dark parts of the diſk. Both were ſhaped like 
a ſegment of a circle, and that which lay towards the northern horn of 
the diſk was much ſmaller than the other, that lay towards the ſouthern. 

1064. On Feb. 14, the large ſpot was vaniſhed, but he thought he re- 
connoitred the ſmall one, now advanced towards the ſouthern horn, and 
followed. hy two new ones lying towards the northern horn. | 

1065. On Feb. 16, he believed he ſaw theſe ſpots again, tha Tome-- 
what altered in ſhape and carried ſouthwards. 


1066. On Feb. 18, the ſouthermoſt ſpat was quite gone; the other 
1 2 Ter t Wa 
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two were advanced towards the ſouth, and a new one appeared in the 


north. | , 3 33 1 643-2 CUI SET TR, 
1067. On Feb. 20, the ſpots laſt ſeen were all advanced ſtill more 
1068. On Feb. 24, the two ſouthermoſt did not appear; that in the 

north was carried ſouthwards, and was followed by two new ones in the 

north. On the 2th theſe three appeared a little more ſouthward.” 


1069. Laſtly on March 53, 24 days after the firſt obſervation, he be- 


Situation of 
t he axis of ve» 
uus. 


Fig. 659. 


Tieved herfaw'thoſe two ſpots, which he firſt diſcovered on Feb. q, in the 
ſame ſituation they then had. They appeared narrower, as they ought, 
becauſe the phaſe of venus was now become ſharper; and of conſequence 
_ dark part of the diſk had now encroached upon a larger portion of 
1070. Upon theſe obſervations and many more, made in the follow 
ing months of May and June 1726, of .July, Auguſt and September 
1727, and of Jan. 7. 1728, Blanchini concludes, that a revolution of ve- 
nus about her axis was not: finiſhed in 23 hours, as Caſſini imagined; but 
in 243 days; that the north pole of this revolution faced the 2oth degree 
of aquarius, and was elevated 15 degrees above the plane of the ecliptick 
2 that the axis kept parallel to it ſelf, during its revolution about the 
ſun. 1 7 01 Ainet d | 0k 20100 K7 a6 1214 
1071. The motion of theſe ſpots was from the northern towards the 
ſouthern ſide of the viſible diſk, quite contrary to that of Cafini's ſpor ; 
but this is a neceſſary conſequence of the different ſituation of the axis of 
venus to the eyes of the two obſervers. The only point to be adjuſted is 
their different determinations of the periodical time of the ſpots. | 
. 1072. Blanchini, to ſupport his opinion, alledges an obſervation made in 
the evening of Feb. 26. 1726, with Campani's teleſcope of 88 palmes, in 
the preſence of ſeveral perſons, who agreed with him in the appearances of 
the ſpots. He obſerved them near an hour from 5". 25 to b. 15", when 
venus being got behind the Barbarine palace, obliged him to deſiſt. A- 
bout three hours after the middle of the foregoing obſervation, 1. e. at 80. 
40, getting ſight of her again and obſerv ing her till ꝙ, he found the ſpots 
nearly in the ſame ſituation in which they appeared at 50. 45m, as was evi- 
dent by comparing a draught of the ſpots then taken, with their preſent 
appearance. | e eee 
1073. Now, ſays he, according to Caſſini's period of 23 hours, in the 
three hours interval between the two obſervations, the ſpots would have 
finiſhed above an eighth part of a revolution or above 45 degrees of their 
parallel circles; and thus the ſpot which at 55. 2 50 poſſeſſed the middle 
of the diſk, at 8. 4 5m would have been carried about gq0 degrees from it 
towards the ſouthern horn, and have appeared beyond the place of the 
Zourthern ſpot, which then would have been nearly out of che diſk; 
| the 


en At. 2. 1 MERCURY aNnD venus 423 
the notthern ſpot would have nearly ſucceeded to the place of the mid- 
dlemoſt; inſomuch that of the three ſpots, which at 3. 455 were equal- 
ly diſtributed over the diſk, two would have been found on its ſouthern 
Bae and not one on the northern. But all the gentlemen that obſer ved with 
me from 8 till 9, ſaw plainly that the large ſpot appeared about tlie 
middle of the phaſe, and found that the ſame opening of the micrometer 
neatly meaſured the interval between the top of the ſouthern ſpot and: 
the upper horn, and alfo between rhe t the northern ſpot and the- 
under horn, juſt as it did before at 3 . It muſt needs be acknowledged: 
then, fays Blanchim, that in thoſe three hours the ſpors did not ad- 
vance above 2 degrees, the ſpace due to the periodical time of 24 days; 
and that this ſmall advance did nog make a perceptible change in their 
ſituations. | | 90 | f 
1074. This is Sig. Blanchini's concluſion, which M. Caſſini the ſon Theobſerntt: 
after due conſideration of the obſervations cannot acquieſce in . I admit, dy Cf he. 
ſays he, M. Blanchini's obſervations, without the leaſt ſeruple, as him- fon. 
ſelf has deſcribed them; namely, that at 5®. 452 they ſaw x al fpors as“ Mem. de 
reſented at E, F, G in the figure for Eeb. 26; and that about three hours ws 22 
after they likewiſe ſaw three ſpots nearly in the fame ſhapes and ſituati- Fig. 659. 
ons as before. But it mult be conſidered that the courſe of obſerving was 
interrupted from 6", 15m to 80. 40 by the interpoſition of the Barbarine 
. in which interval, of almoſt 2 4 hours, they could not ſee the 
1pots nor the motion they might have; which, in three hours time &, Art. 1073. 
might carry them through 47 degrees; ſo that the ſouthern ſpot E, in ap- 
proaching to the ſouthern horn, might at laſt go out of the diſk, while the 
ſpot F might move from the center into the place of E, and likewiſe the 
northern ſpot G into the place of F at the center, and a new ſpot might 
ſucceed to the place of G; ſo that at 8", 45". three ſimilar ſpots might 
appear in the ſame places as before at 5", 45%, For by the 5 of per- 
ſpective, the ſpot F being tranſlated to E, from the center towards the 
limb, would become ſmaller in appearance, like that whoſe place it had 
taken; and on the contrary the ſpot G, in moving from the limb towards 
the center, would grow larger in appearance; and all this will be farther 
evident by examining the figure; hers drawing lines, from the middle ot 
the ſpots, perpendicular to a line that connects the horns, their intervals 
will anſwer to arches of about 45 degrees. Therefore ſuppoling the peri- 
odical time of the ſpots to be about 23 hours, the middle of the ſouthern 
ſpot ought to be gone out of the diſk in three hours time, while the ſpot 
F ſucceeded to the place of E, and G to that of F. As to the new ſpot, 
ſuppoſed to ſucceed to the place of G, there is reaſon enough to believe it, 
upon conſidering M. Blanc bi ni's figures, where we ſee that in ſeveral ſuc-- 
ceſſive days, ſeveral ſpots ſucceeded one another; and in particular that 
the ſpot there called A ought to appear upon the dilk next after G, tho 
; att 


— 
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= at a little greater diſtance than this ae requires. Therefore the ob- 

; ſervation on Feb. 26. 1726, is not deciſive, as the author imagined, a- 
gainſt the period of 23 hours. ere 

10756. After a more critical compariſon of his father's obſervations 

with Blanchini 's, M. Caſſini concludes at laſt, that if we ſuppoſe the pe- 

riodical time of the revolution of venus to be 230. 200, it agrees equally 

with both their obſervations; but if in 24d. 8", as Blanchini would have it, 

wee muſt entirely reject his father's obſervations as of no conſequence at all. 

| He adds that M. Maraldi and he made a very great number of obſervati- 

| ons upon venus in the moſt favourable days in the year 1729, with tubes 

of 82 and 114. feet, but could never perceive the leaſt ſpot; ſo that 

Blanchint's ſpots had either diſappeared or elſe the air at Paris was not ſo 

clear as at Rome; which might probably be the reaſon why 5 ay the 

father-could never 88 10 any ſpots in her at Paris, even with the ſame 


teleſcopes that he had uſed in Italy. 5 

. PII 

Telſſcopical diſcoveries in the Moon. 

"Moon's ſur- . | A ets” * ae 3 1 MR 

face mounta- 1076. ALILEo0's teleſcope though but ſmall in compariſon to 
nous. ö 


| ours, was yet ſufficient to give him a juſt idea of the moon's 
ſurface. He immediately concluded it was not ſmooth like a ſpeculum, 
as many philoſophers had imagined, but rough like the earth, and di- 
Gali nun - ſtinguiſhed with innumerable mountains, caves and valleys. This he col- 
cius ſidereus. Iected from the following appearances; that in the new moon the line 
which connects her horns and paſſes between the bright and dark por- 

tions of the viſible hemiſphere, was not an even, regular curve, as it ſhould 

Fig. 66 be upon a ſmooth, ſpherical ſurface, but a line compoſed irregularly of 
many crooked turnings and windings as repreſented in the figure; that 

many Tmall bright ſpots appeared in the dark portion, ſtanding out at ſe- 
veral ſmall diſtances from that common boundary of the bright and dark 
portions ; that in a few hours they grew ſenſibly larger and approached 
nearer to, and at laſt united with, the bright portion; juſt as the rays of 
the riſing ſun ſhine firſt upon the tops of our high mountains, then de- 

| Tcend gradually to their baſes, and at laſt into, the valleys. On the other 
"hand he obſerved many ſmall ſpors interſperſed all over the bright por- 

| tion of the diſk,, ſome of which had their dark fides next the fun, and 

C | their oppoſite fides very bright and circular, which plainly ſhewed them 
l to be round cavities, whoſe ſhadows fell within them; and that ſome of 
theſe were ſurrounded with ridges of mountains. Laſtly that thoſe larger 
and leſs luminous tracts, that are viſible to the naked eye, appeared 
Fmoother in the teleſcope and more depreſſed than the ambient brighter 
boy PLAST | * | 88 regions; 
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nA . 
Tegions} as was evident by a greater regularity and evenneſs of that part 
ofthe boundary of light and ſhade which paſſed through them at cerrain 
times, and by its protuberances at both its extremities. Nevertheleſs theſe 
eie were not quite free from ſmaller inequalities, eſpecially of light 
10%. Theſe darker regions may properly n No ſeas in the 


- 


receptacles of our ſeas, emptied of their water; For that they contain 
none is evident from thoſe permanent bright ſpors obſerved in them by 
Galileo, and becauſe larger teleſcopes plainly diſcover not only ſmall 
vminencies but cavities within them; which are quite repugnant to the 
nature of ſeas. 'The obſcurity of their colour may proceed from a kind of 

foil that reflects leſs light than the other regions do. 


1078. The ſurface of the moon being ſo mountainous and irregular Why che 
as has been deſcribed, Galileo conſidered how it came to paſs that the mon limb 


does not ap 


ki 85 circular limb of the diſk did nor appear rugged and irregular, as pear mountai- 
we 


as the oval boundary between the light and dark parts of it, and ex- nous. 
plained it in this manner. If the ſurface of the moon had but one row of 
mountains placed round the limb of the diſk, the bright part of it would 
ap irregulatly indented ; but ſince the moon's ſarface is all over 
— and ſince the viſible limb muſt be conſidered as a large 
zone, poſſeſſed by many rows of mountains lying behind one another 
with reſpect to the obſerver's eye, the mountains in ſome rows, bein 
poſite to the valleys in others, will fill up the inequalities in the viſibl 
umb; efpecially being all fo remote and uniformly enlightened, that the  - 
inequalities of their diſtances from the eye cannot be perceived: juſt as a 
great number of mountains upon the earth, viewed from a great diſtance, 
or the waves in the ſea, how great ſoever, do yet compoſe an horizon ap- 
parently ſmooth and circular. | - 


1079. Galileo next conſidered the magnitude of the moon's mountains Moon's mouſl- 


and found them much higher than any; of the earth's. He told us before, — 2 


that when only the tops of them are enlightened by the ſun, they appear - earth's. 
ed as bright ſpecks in the dark part of the diſk ;' and he found the appa- 
rent diſtance: of ſeveral ſuch ſpecks, from the limit between the dark and 
bright parts of the new moon, was above a 2oth part of her apparent dia- 
meter; and thence he concluded that the perpendicular; height” of thoſe 
mountains was above 4 ltalian miles or 2 about 5 + Engliſh N 

1080. NRicciolus found the diſtance of the top of St. Catharine from the 
bright part of che moon, to be about a 16th part of her diameter; and 
thence the perpendicular height of this mountain comes out 9 Engliſh 
miles, which is three times greater than that of our higheſt mountains. 


1081. The method of computation is this. Let e be the moon's center, Fig. 66. 


ged a ray of the ſun touching the moon's ſurface in c, and the top of a 
mountain in 4; join ec and ed, e the circle c deſeribed with the 
; H h h ſemi- 


4 
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ſemidiametet ec, cut ed in a; then ad is the perpendicular height of the 

mountain. Now if ce be divided into 8 equal parts, we have c equal to 
1:of them, by the obſervation of Rzicciolus; and in the right angled trian- 

gle ec d, the ſquare of ce, which is 64, added to the ſquare of cd, which 

is 1, gives 65 for the ſquare of de, whoſe ſquare root de =8. 062; hence 

_- deducting, ae= 8. We have ad g o. oba, and conſequently ge: ad::8: 
90. o:: go: 62. But the moon's ſemidiameter is known to contain 

about 1180 miles engliſh, and as 8000: 62 :: 1180 9, which therefore 
is the number of miles in the height ad. a 

1082. The fame of Gg/ileg's obſervations ſoon excited many others to 

repeat them, and to make maps, of the moon's ſpots. Among the reſt 
Langrenus the K. of Spain'scoſmographes and Heuelius conſul of Dantzick 

were the moſt diligent. To fit their maps for aſtronomical. uſes, it was. 

_ neceflary to give names to the moſt remarkable ſpots and regions. Lan- 
grenus called them by the names of the moſt noted mathematicians, phi- 

loſophers and patrons of learning, But Hevelius pretending great difficul- 


Maps of the 
moon. 


ty im a juſt diſtribution of the lands in proportion to the merits of the 


learned, aboliſhed their received grants and titles, and called them by the 
geographical names of places on earth, without the leaſt reſemblance in 
their ſhapes and ſituations. This vanity of his has embarraſſed the lunar 


regions with a double nomenclature. 


1083. That thoſt who are curious in obſerving lunar, eclipſes, may 4 


| note the times when the ſhadow begins to touch the more remarkable ſpots, 
*-Mem. de r Ot biſect them, or holly cover them, I have given a copy of Mon. C 


mined by his own abſervations made at the times of ſeveral eclipſes. He 
has noted no other than thoſe which appear plaineſt in eclipſes, and to a- 


void embarraſſing the map with their names, he has only marked them 


4 With numbers, referring to the names in the following table. 


Acad, 1692 map of the full moonꝰ ; in which the poſitions of the ſpots were deter- 


, 2 


Fig. 662. 1. Grimaldus, 13. Capuanus. 25. Menelaus. * 37 Suellius & Furnerius. 
2. Galjleus;: 14. Bulialdus. 1 r 38. Petavius; 189 
-3«Aviſtarchus, 15. Eratoſthenes. r | 39- Langrenus.. 
„ Replexus.. 16. Timocharis. 228. Diony ius. 40. Taruntius. 
. Senne . Plato, © 209. Plinius A Mare humorum. 


5. Schikardus. 18. Archimedes. 30. Catharina. Cyrill. Theophilus. B Mare nubium. 


7. Harpalus.. 19. Inſula ſinus medii, 31. Frgcaſtorius. Mate imbrium. 
1 4 Heraclides. 20. Pitatus. 332. Promontorium acutum. D Mare nettaris. 
9. Lansbergius. 21. Tycho. 33. Meſſala. 5 E Mare tranquillitatis. 
0, Reinoldus. 224 Eudoxus. 34. Promontoriam ſomnii. | F Mare ſerenitatis. 
11, Copernicus. 2g. Ariſteteles. 35. Proclus. ene Mare feecunditatis, 
-- Iz, Helicon. . Manilius. 36. Cleomedes H Mare criſium. | 


ſinall a. 10 4, Mon. de 1a Hire demonſtrates that a place in the. moon no hig- 


appear as plainly thro' ſucha teleſcope, as Mare criſium does to the 15 


at 


FN» 2, 


2 ger than Paris, is eaſily diſcernible thro a teleſcope that magnifies about 
n. 100 times: and that Paris placed in the middle of che moon's diſk, would 


— 


nA. 2 rw Tur Moo ee . 

ed eye. Omitting his demonſtration I will confider this matter in a more * Mem. de 1 
general way. g 1 19 $' l LITER Acad. 1706. 

1086. A ſpot about 70 Engliſh miles in diameter, in the middle of the 
moon's diſk, may be juſt diſcerned by the naked eye. For a degree of a 
great circle on the earth's ſurface contains about 70 miles, and the moon's 
diſtance from the earth's center contains about 60 ſemidiameters of the 
earth. Therefore a degree of the moon's' orbit, ſuppoſed to be circular, 
contains 60 times 70 miles, and conſequently a both part of that degree, 
contains 70 miles, and, by ſubtending an angle of a minute at the earth, 
is therefore viſible to moſt people's eyes. 

1086. Hence a teleſcope that magnifies 100 times, will juſt diſcover a 
ſpot whoſe diameter is r part of 70 miles or of a mile; and a tele- 
ſcope that magnifies 2 10 times (as one of Sir Ir. Newton's' form of 3 
feet focal diſtance will do) will juſt diſcover᷑ a ſpot hoſe diamerer'is 22 


—  .  - 


or q of a mile. By which we may form a judgment of the viſibility of 

ſpots of any given diameters. PR 3 
1087. With ſmaller teleſcopes than thoſe, we might plainly diſcern No feniible al- 

more minute changes in the moon's ſurface than what happen to the dhe moon's 

carth's in every ſeaſon of the year, through the alterations in its colour pots. 

and verdure by heats, colds, ſnows, rains, inundations and the like. But from 

the time of the invention of teleſcopes, no viſible changes at all, in the co- 

lours ſhapes and ſituations of the moon's ſpots, have yet been obſerved: their 

appearances are always the ſame, allowances being made for their differ- 

ent lights and ſhades in different ages of the moon, for the different good- 

neſs of teleſcopes, and the clearneſs of our atmoſphere. Indeed as there are 

no ſeas nor rivers in the moon, (for they could not eſcape our beſt tele- 

ſcopes) and of conſequence no clouds, nor rain, nor ſnow, it is hard to 

conceive, how any great alterations can happen to a globe of dry earth, 

unleſs by fire. 

1088. Nor is it probable that the moon is ſurrounded with air like n n 
ours, though free from vapours. For if ſhe were, her limb would proba- hon. 
bly appear hazy, and not fo diſtinctly terminated as we find it to be by its 
appulſes to fixt ſtars; whoſe rays ſuffer no ſenſible refration, nor change 
of colour, nor any gradual decay of their brightneſs, but vaniſh inſtan- 
taneouſly *. Monſ. de la Hire, obſerving the moon's appulſe to Aldebaran, _ _ 4 
through a very good teleſcope of 16 feet, ſaw that ſtar enter very plainly 141. =o . 
into the bright part of the diſk, till the diſtance of the ſtar's center from | 
the circumference of the diſk became equal to three halves of the ftar's 
apparent diameter in that teleſcope; after that it vaniſhed inſtantane- 
ouſly “. And being appriſed that P. Feiillee had formerly obſerved the Kev 65 P 
like phænomenon in an appulſe to another ſtar, he took particular notice 1 
that Aldebaran advanced very uniformly towards the moonꝰs limb before its 
immerſion; and therefore could not perſwade himſelf that the moon had 

H h h 2 any 
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TE any atmoſphere either rarer. or denſer than che ambient æther; but is of; 
opinion that this appearance of a ſtar upon the moon's bright diſk, - is, 


The moon's 
tibration. 


Lib. III. ? 
rop. 17 and 
38. Cor. 


Phaſes of 


Fig: 663. 


Park ſpots in 


owing to nothing elſe but the glaring brightneſs of the limb, which cauſes 
it to appear always bigger than it ſhould do, even through a large tele- 
ſcope ;. and conſequently, that one may ſee the more brillant light of the 
ſtar directly through that dilated, weaker light of the moon's limb; and. 
that the ſtar des not vaniſh till its rays touch the very body of the moon. 

1989. Another diſcovery. that we owe ta the teleſcope is, that the he- 
miſphere of the moon, viſible to us, is not at all: times quite the ſame. 
At one full moon we ſee a ſmall goar ot ſegment in the margin cfher diſk, 
that was quite hid at. another: ſo that her body appears to us as if it li- 
brated to and fro; ſometimes eaſtward, or weſtward, at other times 
northward or. ſouthward, and ſometimes in a direction between both. 
Obſervations upon theſe apparent librations. were firſt made by Galileo, 
and afterwards continued by Hevelius, and deſcribed in his book de, 
Motu Lune Libratorio; and the natural cauſe of them may be ſeen in Sir. 
Jaac Newton's Principia ®. © | v.35 48h 1:9 oe 
SAA TPA IV. 


Telgſcopical diſcoveries in Mars. 


1090. EHE orbit of · Mars ſurrounds the earth's, and therefore he is near: 
eſt to the earth, when being oppoſite to the ſun, he is ſeen 
in the meridian at midnight. This achronical ſituation of his, is there, 
fore the moſt advantageous. for obſerving the motion of ſpots on his body, 
his diameter and parallax; all which are above five times greater in his 
oppoſition to the ſun than in his conjunction. In both theſe poſigions his 
enlightened hemiſphere is fully expoſed to the earth, as well as to che ſun; 
but not ſo fully in his quadratures with the ſun, where 2 through 
a teleſcope a little gibbous, like the moon about three days from the full: 
which. plainly proves that his orbit ſurrounds che earth's at no great diſt- 
ance from it. In the figure, is the ſun, e the earth, à and 6 the places of 
Mars in oppoſition and conjunction, c and d his places in the quadratures 
with the ſun. | 


mars and heir. 109 J. After Galiles's diſcovery of the phaſes of Mats, ſome other Ital f 
periodical re- ians in the year 1636 had an imperfect view of a darkiſh ſpot upon his bo- 


volution. 


dy; but in the year 1666 Dr. Hoak at London and Sig Caſini at Bologna 
made the firſt diſcovery of ſpots of, determinate. figures. Hoop perceived 
ſome. little motions in them, but could not determine whether they re- 


pu. Tant Volved or not. But Caſſini concluded from their motions, that Mars revolv- 
Ned about an axis of his body in 24 hours and 49 minutes *. . 


1092 
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1092 In the year 1670, he ſaw the ſame: ſpots again, and obſerved. 

their periodical — a to be the ſame as before'®; which M. Maraldi Du Hamel. 
confirmed in 174, and again in 1719; and has given us a curious account 3 5 
af it , from whence I extract the following particulars. At this time the 97. Ed. 2. 
eonſiguration of the ſpots, was quite different from what Caſſini ſaw. One vie e —4 
af them appeared like a joiner's ſquare, except that the angle was a little p. 164 an. 
abtuſe Its angular point being pretty diſtin, was the mark attended to pig. 664, 66 . 
in the following obſervations. | 

1093. On the 19th and 2ath of Auguſt at a quarter paſt eleven at night, 
this point lay a little eaſtwards from the center of the diſk, and at the ſame. 
times of the ſucceeding nights it was found ſucceſſively more and more 
eaſtwards; till at laſt it withdrew and vaniſhed under the eaſtern limb of 
the diſk 3; and having in like manner traverſed the inviſible hemiſphere, 
on the 25th and 26th of September it returned, and appeared again in 
the ſame places of the diſk. as before on the 19th and 20th of Auguſt; 
and therefore ſpent 37 days in theſe apparent retrogradations. This num- 
ber of days being divided by 36 revolutions of Mars about his axis, per- 
formed in that time, gives 4} or.1 5 or 1 day and. 40 mintues for the 
time of each revolution, as Caſſini had found before: which period was 
alſo verified by many other obſervations upon this and ſome other ſpots, 

1094: Beſides theſe dark ſpots, ſituated in different places of the ſur- Bright ſpow- 
face of mars, M. Maraldi obſerved a bright one near the ſouthern pole, mars. 
appearing like a polar zone. He obſerved it for ſix months together, and 
found it ſubject. to many changes, appearing ſometimes very bright, at 
others very faint; and after an entire diſappearance, it revived with the 
ſame brightneſs as before. At every time of its bright N the 
diſk of Mars did not appear exactly round; but the bright part of its 
ſouthern limb, that terminated. this. ſpot, appeared protuberant in the 
ſhape of a bright cap, whoſe outward arch was a portion of a larger cir- 
cle than what terminated. the darker parts of the A Its appearance thro 
the teleſcope reſembled that of the new moon to che naked eye, when the 
bright part of the limb appears. as a portion of a larger circle than the 
dark part. The cauſe of which, in. both caſes; M. Maraldi attributes to 
a ſtronger impreſſion of the rays of the more luminous part upon the re- 
tina of the eye. | | rel ze re | 

1095. The axis.of Mars is nearly perpendicular to the plane of his or- situation of + 
bit; conſequently its poles are, never far from the north and ſouth parts his axis. 
of the limb of, his viſible diſk ; therefore if the polar zone abovemen- 
tioned was not all over uniformly. bright, thoſe variations of its appearance 
might reſult from its revolution about the axis of Mars, M. Maraldi col 
lected from many obſervations, that a large part of that zone never fail- 
ed to appear very bright, for fix months together whenever it lay expo- 


. a a <£ bl * 
bal to his view ; and that the oppoſite part, on the other fide of the 
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Wuas ſibje@ to great variations, appearing ſomerimes bright, at others 

_ , © |; faint and contracted in breadth till it totally vaniſhed. Notwithſtanding 
theſe changes on one fide of the pole, he takes notice, that the other fide 

had continued brighter than the reſt of the diſk, more or leſs, for near 

5o years; and that it was the only permanent ſpot upon the whole body of 
Mars, the dark ones having changed their ſhapes and ſitüations and total- 

iy vaniſhed in much ſhorter periods of time; which alfo happened to 

another bright ſpot that he ſaw near the north pole. 

Reaſons for n 1096. By the following obſervations it ſeems as if mars had a very ex- 
1 tenſive atmoſphere. Caſini being at Briare in 1672, Oct. 1. at 2". 4 6m. a. m, 

boObſerved à ſtar in the water of Aquarius, which at the diftance of fix mi- 

nutes from the diſk of Mars, became ſo faint before its occultation, that 

Du Hamel it Could flot be ſeen with the naked eye, nor with 'a 3 foot teleſcope *. 
* 5 Reg. The like diminution of its light, after its 6ccultation, was alfo obſerved 

4G. Paris by M. Roemer; who could nor ſee that ſtar with a large teleſ- 
cope, in a very clear air, till its diſtance from Mars became equal to two 
thirds of his diameter, and yer ſtars of that maghirude are plainly viſible 
even in contact with the moon. By a compariſon of ſeyeral obſervations 
then made upon that ſtar, it was alſo judged that jr varied its diſtance from 

the neighbouring ſtars. © mn 40 ae 1-2/9 


CO» FT TE: | 
Teleſcopical diſcoveries in Fupitoer. 

Galiles'sdiſco- 1097. T the year 1610 Galileo diſcovered the ſatellites of Jupiter, as 
ww 4 —_— follows *. At a ſmall diſtance from Jupiter, which in the even- 
Nuncius ing of Jan. 7, he happened to view through a better teleſcope than his 
kidereus. firſt, he ſaw three ſmall bright ſtars, which he took to be fixt ſtars, but 
wondered a little to ſee them placed exactly in a ſtraight line, parallel to 
the ecliptick, and to outſhine others of the like magnitude. Their ſituation 
with reſpect to Jupiter was this, Eat * „ O „ Weſt; 
two of them lay eaſtwards and the third weſtwards from jupiter; and 
the two outermoſt appeared a little bigger than the other. Taking them 
for fixt ſtars, he did not much mind their diſtances from Jupiter, but 
happening the next night to look at them again, he ſaw their ſituations 
quite changed. For now they all lay weſtwards from Jupiter, equi- 

diſtant from one another and cloſer together than the night before, 
Eaſt © . * # Vel. Here again, not taking notice of their ap- 
Poe to one another, he began to wonder how it could be that Jupiter 
ay weſtwards from two of them the night before, and now eaſtwards 
from them all; and was afraid leſt, contrary to aſtronomical computa- 


tion, Jupiter had got before them all by a direct motion. He was there- 
38 | N | fore 


\ 
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fore very impatient. to obſerve. him the night after, but was diſappoint- 
ed by cloudy weather. On the oth their appearance was thus, ; 
Eaft * „ . © Weſt; for now he ſaw but two, and both eaſtwards 
from Jupiter, the third being hid behind the planet, as he imagined; * 
theſe two and the planet were exactly in a ſtraight line purallel to the 
ecliptick as before. Seeing, things were ſo, and that ſuch changes could © 
not be owing to Jupiters motion, and that the ſtars were conſtantly the 
fame, for no other lay near them in the ecliprick, all his ſcruples were 
changed into admiration ; being fatisfied at laſt that theſe 1 po 
fition were not owing to Jupiter but to the ſtars themſelves, He the 
reſolved to obſerve them more accurately for the future. | | 
1098. On the 11th he ſaw them in this poſition, Eat O Weſt; 
that is, only two ſtars lying eaſtwards from Jupiter, whoſe diſtance from 
the next to him was triple their diſtance from each other; and the eaſt- 


ern ſtar was twice as large as the qther; whereas they were almoſt equal 
the night before. v1 ug 


vinced that Jupiter had three ſtars 
revolving about him, as Venus and Mercury do about the ſun; and the 
ſecond night after he found a fourth: they all lay nearly in a line, in this 
manner, Eat. „ Me, and appeared equal in 
magnitude; very ſmall indeed, but exceeding bright, and much more 
ſplendid than fixt ſtars of that fize. | 1 1 

100. Thus he went on for two months together, conſtantly obſerv-- 
ing his new planets, which he called the Medicean ſtars, after the name 
of his pacrons, the family of the Medici, and concludes his account with 

the following reflections. Theſe, ſays he, are the obſervations I have hi- 

therto made of the four Medicean planets, of which I was the firſt diſco- 

verer ; and though I cannot yet reduce their periods to calculation, yet 1 

have ſomething to ſay of them worth remarking. Fitſt then, fince they 
ſometimes go before and ſometimes follow after Jupiter, through certain 

ſmall ſpaces lying eaſtwards and weſtwards from him, and ſince they al- 

ways accompany him, both in his direct and retrograde motions, they” - 

muſt undoubtedly revolve about him, while he is revolving about the 

ſun in about 12 years time. In the next place they revolve about Jupiter 

in unequal circles; becauſe ſays he, I could never ſee two of them in | 
conjunction at their greateſt digreſſions from Jupiter; whereas I hayhe 
often ſeen two or three, and ſometimes all of them crowded cloſe „ 
ther near the body of Jupiter. Laſtly; choſe that tevolve in the ſm er Ht "oi 
circles, have ſhorter periodical times; becauſe thoſe that appeared nearer. | | 
to his body were often obſerved to paſs from one ſide of it to the other in 
a-day's time. But the outermoſt of all ſeemed to compleat its revolution 
in about ſixteen days. Hence, ſays he, we are ſupplyed with a/noble'#rgu-- 
ment for the Copernican Syſtem, by removing a difficulty frem ſome rt RV ILY 
e een HED He v1 WORD) ee 


1099. By this time he was fully con 
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-ple's minds, who, admitting the revolution of the planets about the ſun, 
are yet ſo diſſatisfied with the moon's revolution about the earth, while 
both are moving round the ſun, as to think it impoſſible; and conſequent. 
ly a ſufficient argument for rejecting that ſyſtem. But now we have ocu- 
lar demonſtration, not only of one but four planets revolving about Jupi- 
ter, like the moon about the earth, while all of them are moving round 
the ſun in larger orbits. Our author concludes at laſt by attempting at a 
-reaſon, why the Medicean ſtars appear at different times of different mag 
nitudes; which we ſhall ſee, by and by, is moſt probably owing to very 
large, dark ſpots upon their bodies, and to their turning about certain 
axes of their own; as our moon does about hers. | 
1 
r 


. exact obſervations, the perio- 
dical times, and diſtances of 


. 
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n wi du | Diftaices ! 10. By the lateſt and moſt 


. 5, 667 theſe ſatellites from the center 
2. 3. 13. 13. 42 | 9, 017] of Jupiter, meaſured by his ſe- 

3.7. 3. 42. 36 14, 384] midiameters, are as follow; and 

4. 16. 16. 32. 09 25, 2991 the analogy among them is, that 

rer rr — — the ſquares of their periodical 

times, are as the Cubes of their reſpective diſtances from the center of 

Jupiter, as in the primary planets. bi eri vid z abiningatn 

The earlieſt 1102. About twenty years after Galileo s diſcovery of theſe ſatellites, 

-obſcrvationsof ve are told that Fontana, Zupus and Bartolus three Neapolitans were the 

1 firſt diſcoverers and obſervers of Jupiter's belts. By that time it ſeems the 

| teleſcope had received ſome improvement, particularly by a convex eye- 

2 firſt applyed by Rheita inſtead of the concave. For Gaſſendus, with 

aliless own teleſcope, could perceive nothing of them. Theſe belts 

were nearly parallel to the ecliptick, in ſome years quite ſtraight, in o- 

chers a little incurvated, ſometimes upwards and ſometimes downwards, 

which curvity Ricciolus ſuppoſed to ariſe from a flow libration of the pla- 

net, or elſe from a ſmall inclination of the axis of the belts. to the plane 

of the ecliptick. About the year 1643 the ſame perſons diſcovered 

the appearance of two ſatellites, or more probably of their ſhadows, 

i paſſing over the diſk of Jupiter; and alſo of two very large roundiſh 

3 er. 103. After farther improvements of the teleſcope, M. Caffini in the 
ſpots ſeen up- year 1065 publiſhed a theory of two ſorts of {pots viſible at certain times 

E Popes. upon the diſk of Jupiter. One ſort he ſhewed to be the ſhadows of the 

2d. Tom, x. ſatellites, paſſing over the diſk, at ſuch times as the ſatellites themſelves 

iP. 573. paſſed between the ſun and Jupiter, and made there a ſolar eclipſe; ſuch 
as the moon makes here in paſſing between the fun and the earth. Theſe 
pars are therefore diſtinguiſhable from all others by the following P 


ro- 
Perties; that they fall preciſely upon that part of Jupiter, where 7 
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ſacellite would be ſeen by a ſpectator placed at the ſun; that they move 
from the eaſtern towards the weſtern limb of the diſk with an uniform 
velocity equal to that of the ſatellite it ſelf; that while the earth is ap- 
roachmg towards the line that connects the ſun and Jupiter, the ſarel- 

lite which caſts the ſhadow, is ſeen eaſtwards from Jupiter, and weſt- 
wards from him after the earth has paſſed by that line; and laſtly that 
the apparent diſtance of the ſatellite from the ſhadow, is found propor- 
tionable to the angle which a line connecting Jupiter and the fatellite, 
ſubtends at the earth. What has here been faid will appear plainer by pig. 666. 
applying it to fig. 666, where s is the ſun, / Jupiter, abc the earth's 
annual orbit, and def that of the ſatellite, both deſcribed according to 
the alphabetical order of thoſe letters. 

1104. The other ſort of ſpots has no relation to the ſatellites, but 
ſeerns to be of the nature of the belts; for in paſſing from the eaſtern 
to the weſtern limb, they move {loweſt at the extremities of their courſe, 
and quickeſt in the middle, where they appear broadeſt; which ſhews 
them to be thin ſubſtances in or near the ſurface of Jupiter, as was faid 
above in relation'to ſpots in the ſun. 
- 110g. M. Caſſini has given us a draught of a remarkable round ſpot Fig 667. 
of this ſort adjoining to the ſouthermoſt of the belts that then appeared. 
Its neareſt diſtance from- the center of the diſk was about one third of 
Jupiter's diameter, and its own diameter about one tenth of his. or 
ini began to obſerve it in 1665 and by repeated obſervations found the 
periodical time of its revolution to be g*. 56m; and taking a certain 
time of its arrival to the middle of its parallel for an epocha, he calcu- 
{ated tables cf irs motion, and found them conſtantly agreeable to his 
ſubſequent obſervations, till Jupiter became immerſed in the beams of | 
the ſun; but after his emergence from them, the ſpot was ſo waſted - = 

| 


that it could hardly be ſeen ; after which it ſoon vaniſhed. 

1106. But in the year 1672 he ſaw it again, as he judged by its ſize, 
ſhape, poſition and adherence to the ſame ſouthern belt as before; and 
by comparing his preſent obſervations with choſe he had made fix years 
before, he concluded, that the mean period of the ſpot's revolution to 
the middle of its parallel, was not greater than 90. 55%, 58", nor leſs 
than 9". 55. 51", In the evening of Mar. 1. 1672 at 7%, 30" he ſaw this 
ſpot in the middle of the diſk, or rather of its parallel, and next morn- 
ing at 5". 20 he ſaw its return to the fame place; which was the firſt 
_ obſervation he could ever make of an immediate return. 

1107. The ſame ſport continued viſible till the year 1674, when it Niem der 
wholly: diſappeared. In 1677 it appeared again in the ſame parallel to Acad. 1708. 
Jupiter's equator, but was ſoon extinct, and never ſeen again till Mar, P. 235 4. 
1685. From this time M. Caſſini continued to obſerve it till Octob. 1687. 

After hat it never appeared * till in 1690, and was viſible but a 

DEF. | 3 | very 
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very ſmall time, perhaps by reaſon of great changes which happened 
that year in Jupiter's belts. It appeared again in 1692, and diſappeared 
in 1693 with part of the contiguous belt, In 1694. it revived with the 
fame belt, and continued viſible till Jupiter entered the beams of the 
ſun; but was never ſeen after till in 1708 though frequently watched. 

1108. M. Maraldi having conſidered theſe viciſſitudes of appearance 
and diſappearance, concluded they had no regular relation to Jupiter's 
diſtances from the ſun, as ſome changes upon the earth have to the va- 
riation of ſeaſons; that they rather had a dependence upon the conti- 

uous belt; that this belt had ſometimes appeared interrupted, and that 
the breach widened more and more, till the whole belt vaniſhed toge- 
ther with the contiguous ſpot; that the ſpot had never appeared with- 
out the belt, though the belt had without the ſpot ; and laſtly that the 
ſpot was probably ſome effuſion of the matter of the belt into a deter- 
minate place of Jupiter's body; its latitude from his equator being con- 
ſtantly the ſame, and its longitude too, becauſe it returned to the mid- 
dle of the diſk at the times calculated by the tables of its motion, con- 
ſtructed from the obſervations made upon its firſt appearance. In the 
year 1713 M. Maraldi ſaw this ancient ſpot again, and made ſome more 
obſervations upon it ®, confirming what has been. ſaid. 

L109. In the largeſt of Jupiter's northern belts, lying next his cen- 
ter, in Oct. 1691, Caſſini ſaw two bright ſpots almoſt as broad as that 
belt, as in fig. 668; and at the end of that month, two more oppoſite to 
one another. They revolved in gi. 51”, He alſo perceived that this broad- 
er belt grew narrower, while thoſe on each ſide of it grew broader, till 
in December following they all became nearly of the ſame breadth, as if 
the intermediate belt diſcharged it ſelf into the collateral ones, which. 
he thought not improbable from the appearance of ſome dark parts be- 
tween them like tracts of communication, as expreſſed in fig 669 and 
670; that the largeſt of the northern and ſouthern belts were frequently 
interrupted, and that their broken ends generally revolved in the ſame 
time with the ſpots in thoſe belts; that at certain times in Oct. 1691, 
ſeven or eight dark belts appeared very near to one another, moſt of them 
upon the ſouthern part of the diſk ; that ſome late ſpots near Jupiter's 
equator revolved quicker than the old ones, their periodical times being 
but 9“. 50m; and in general, that all ſpots near the equator revolved 
quicker than thoſe that lay farther from it; which he thought might be 
owing to the ſun's greater heat upon the equator; whoſe plane is paral- 
lel to that of the belts and to the courſe of the ſpots, and differs but lit- 
tle from the plane of Jupiter's motion round the ſun; that ſeveral ſpots 
which appeared round at firſt, grew oblong by degrees, in a direction 
parallel to the belts, and ſometimes ſplit themſelves into two or three 
rounder ſpots. Laſtly, that he never ſaw ſo many new ſpots as _ 

: | | ept. 
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Sept. 1690, perhaps, ſays he, becauſe Jupiter was then the neareſt poſ- 
ſible to the ſun and the earth too, which ſituation gave an advantage to 
the view, and returns but once in 83 years. 

1110. We have juſt taken notice that Jupiter's axis is nearly perpen- SPhcriodical 
dicular to the plane of his orbit, ſo that the difference of ſeaſons there is ee. "IP 
very ſmall. In 1691 Caſſini made obſervations upon the ſpheroidical fi- 
gure of Jupiter, and found the ratio of his axis to his equatorial diameter 
as 14 to 15. In 1719 Mr. Pound found it as 12 to 13 with an excellent 
micrometer applyed to the Hugenian teleſcope of 123 feet, as Sir 1/aac 
Newton informs us, who deduced the latter ratio from the conſideration 
of its cauſes , that is, from Jupiter's denſity and periodical time of re- 4 4 
volving round his axis, conipared with thoſe of the earth. Eat 

1111. In the year 1707 Mar. 26. M. Marald! perceived a round black Spots upon 
ſpot upon Jupiter's diſk ; which at 6". on. p. m. had paſſed by the mid- Is ® 
dle of it, and in approaching towards the weſtern limb, did not alter its Mem de A- 
ſize, ſhape or velocity; by which and the ſlowneſs of its motion he con- d 3 
cluded that it did not adhere to the body of Jupiter. Neither was it Fig. 668. 
the ſhadow of a ſatellite upon the diſk, though round and black, as 
they uſually appear. For, of the three innermoſt ſatellites, which he then 
ſaw, the firſt and third he knew were in the remoter halves of their < 
orbits; and though the ſecond was in its nearer half, yet it had paſſed by. 
its conjunction with the ſun and Jupiter. As to the fourth, he knew al- 
ſo by the tables and ſoon after by obſervations, that it then was at 4 be- 
tween the earth at c and jupiter at jj, and conſequently that its ſhadow 
was projected ſo far eaſtwards from Jupiter, that it could not arrive at 
the place of the ſpot in leſs than 7 hours. Beſides, had the ſpot been a 
ſhadow of this fourth ſatellite, the ſatellite it ſelf would have been ſeen 
weſtwards from Jupiter, at the diſtance of about two of his diameters. 

1112. Hence he was perſwaded that the dark ſpot was in the ſatellite 
it ſelf, and was confirmed in his opinion by the following arguments; 
that its motion was agreeable to the known motion of the ſatellite; that 
in going out of the diſk it grazed upon the weſtern end of one of the belts, 
in the very place where he ſaw the ſatellite it ſelf emerge from the diſk 
ſome minutes after the vanithing of the ſpot ; that this interval of time 
might ariſe from the difficulty of diſcerning the ſpot to the very edge of 
the diſk, or, perhaps, from the ſituation of the ſpot upon the body of 
the ſatellite; that if the ſpot lay on the weſtern fide of the ſatellite, it 
ought to diſappear before the brighter eaſtern ſide could emerge from the 
diſk of jupiter; that the ſpot began to emerge from the diſk at 7*. 49®, 
and the ſatellite at 8d. m, when it appeared very ſmall ; that this inter- 
val of 17 minutes, agreed well enough with the time that the diameter 
of this ſatellite ſhould take up in emerging from the diſk ; fo that the 
ſpace between the antecedent ir the ſpot and the ſubſequent _ 

112 0 
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of the ſatellite anſwered to the whole diameter of the ſatellite. The ob. 
ſervations were made with a 34 foot tube. 

1113. On April 4. he obſerved a like tranſit of the third ſatellite, in 
the form of a ſpot, over the diſk of Jupiter. But at the next conjunction, 
on the 11th, though he ſaw the ingreſs and egreſs of the ſame ſatellite, 
yet during its. paſſage, in three hours and a half, he could not perceive 
any ſpot at all; and therefore concluded, that the ſpot had vaniſhed 
ſome time between this and the foregoing tranſit; and adds, that a viſi- 
ble tranſit of a ſatellite in the form of a ſpot on the diſk is a thing that 
happens very rarely. He alſo obſerves, that the fatellites appear ſome- 
times like little bright ſpots upon the margin of Jupiter's diſk, and diſ- 
appear near the middle of it, where. we can only diſtinguiſh them when 
they happen to have large dark ſpots. upon the hemiſphere next us; and 
that Caſſini the Father had obſerved the like. phænomena in every one of 
theſe ſatellites. 

11:14. It is highly probable, ſays he, that the ſatellites turn about 
certain axes of their own, and have permanent ſpots like thoſe in the 
moon, or variable ones like thoſe in the ſun and primary planets; whoſe 
changes of magnitude and poſition may occaſion. their viſible and inviſi- 
ble tranſits over the diſk. of Jupiter. For the apparent. magnitudes and 
degrees of brightneſs of the ſame ſatellites are very different at different 
times; the fourth appears generally the ſmalleſt of all, but ſometimes 
the largeſt, and, though its ſhadow on Jupiter's diſk ought to be ra- 
ther leſs. in diameter than the ſatellite it ſelf, and be ſtill diminiſhed a 
little by the apparent incroachment of the ambient light, yet it appears 
larger than the ſatellite ſeen at the ſame time on the outſide of the diſk, 
The third ſatellite is alſo variable in apparent magnitude, being gene- 
rally larger than the reſt, though ſometimes equal to them and ſome- 
times leſs. The like happens to the other two. 

1115. But none of them appear large enough out of the diſk, to 
diſtinguiſh their ſpotted parts from the bright ones, as it happens alſo to 
certain fixt ſtars, which yet increaſe and decreaſe in apparent brightneſs; 
and while the ſatellites are entering into the ſhadow of Jupiter, we plain 
ly perceive a gradual decay of their brightneſs, but cannot diſcern the 
phaſes of the eclipſe even with the beſt teleſcopes. M. Maraldi concludes 
at laſt that Cafjini's hypotheſis of ſpots upon the ſatellites is farther con- 

| armed by the outermoſt of faturn's, which, for many years after Caſſini 
rauf of the had firſt diſcovered it, could never be ſeen on the eaſtern fide of ſaturn, 
body and till. ĩt became viſible even through the ſame teleſcopes in Sept. 1705, and 
ſhade of Jupi--and continued ſo till Jan. 1706. 
—_— 1316, In 1719 Feb. 164. 9. 45m, Mr. Pound, through the Hugenian 
his dick. teleſcope of 123 feet, ſaw the outermoſt ſatellite of Jupiter in the middle 
P = of his diſk, and irs ſhadow near the eaſtern limb; the ſatellite appeared 
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to him almoſt as black as its ſhadow, but ſomewhat leſs and a little more 
northerly. For, at the ſame time he ſaw the three innermoſt ſatellites to 
the eaſt of Jupiter, and the times, 9 45" and 11", 45%, at which the 
outermoſt and its ſhadow arrived at the middle of the diſk, were agree- 
able to the times, found-by calculation, in which they ought to be there. 
He adds, that at other times he had ſeen the firſt and ſecond ſatellites, a 
pearing not as dark ſpots, but as bright ones, ſomewhat different from t 
brightneſs of Jupiter, for ſome little time after they entered his diſk, but 
as they approached nearer the middle he loſt fight of them; that he had 
frequently ſeen the ſame ſatellites appearing brighter at ſome times than at 
others; that when one of them ſhined with its utmoſt ſplendor the light: 
of the other was conſiderably diminiſhed ; that from theſe obſervations 
it was very probable at leaſt, not only. that the ſatellites revolve upon 
their proper axes, but alſo that ſome parts of their ſurfaces do very faint- 
ly, if at all, reflect the ſolar rays to us. | | 
1117. Tables of the motions of Jupiter's ſatellites were firſt pub- Tables of the» 
liſhed by Sig. Caſſini, and were afterwards epitomiſed, corrected, and re- ome? | 
duced to our ſtyle and meridian by Dr. Hallcy * and laſt of all by Mr. tes. 
Hound; who applyed himſelf particularly to rectify the motion of the [to mages 21 
innermoſt-ſatellite, and to facilitate the calculation of its eclipſes in the p. 4% © 
ſhadow of Jupiter, as affording the beſt and molt frequent opportunitys Phil. Tranſ. 
of determining the longitudes of places at land, by clocks and teleſcopes = . 
of a convenient length, thirteen of theſe eclipſes happening every twenty 
three days 
1118. The application of this moſt uſeſul invention, to the purpoſes Applyed to- 
of geography and navigation was firſt ſuggeſted by Galileo and firſt put nue. 
in practice by the members of the Royal Academy of Sciences, ſent by - 
order of Lewis the 14th into many diſtant parts of the world; and if 
duly proſecuted, might contribute more to the improvement and per fec- 
tion of geography and navigation in a few years, than all other methods- 
can do in as many ages. And till the geography of the ſea-coaſt be duly 
ſettled, the very beſt methods of determining the place of a ſhip at ſea, 
at her approach towards land, where the danger is greateſt, will be ſtill. 
defective. 
1119. From the conſideration of the-eclipſes of theſe ſatellites Monſ. Velocity ot 
Roemer made a noble diſcovery of a method for determining the velocity _— 
of light; by which it was concluded and confirmed by long experience | 
that light is ſhot from the ſun to the earth in 7 or 8 minutes of time; a 
diſtance ſo great, that a cannon. ball cannot deſcribe it in leſs than 25 
years, at the rate of 500 feet in every ſecond of time. 
1120. Roemer's method is this. Let s be the ſun, abc the annual or- 
bit of the earth, ; Jupiter, c the orbit of the innermoſt ſatellite, the pro- Fig. 671 
pereſt for this enquiry by reaſon. of che quickneſs of its revolution; * 
| CT. 
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let this ſatellite enter the ſhadow of Jupiter at g and emerge from it at h. 
Now ſuppoſing the earth at i, ſometime before the laſt quadrature, ler 
an emerſion of this ſatellite be obſerved at i; then if the earth continued 
in the ſame place, we ſhould ſee the next emerſion at the end of 42 hours 
and a half, this being ſuppoſed the exact time in which this ſatellite 
Tevolves to the ſhadow. Likewiſe if the earth continued at the ſame place 
+ during any number of revolutions, ſuppoſe 30, we ſhould ſee an e- 
merſion at the expiration of 30 times 424 hours. But the earth in that 
time being really transferred from 5 to c, farther from Jupiter, it follows, 
if light requires time for its propagation, that this — will be per- 
ceived later at c than it would have been at 5, and that to 30 times 42 2 
hours, we muſt add the time which the light takes up in deſcribing the 
ſpace c, the difference of þ þ and hc. 

1121. On the contrary towards the other quadrature, whilſt the earth 
in going from d to a, is approaching towards Jupiter, the immerſions 
of the ſatellite at g ſhould be perceived ſooner at a than they would be, 
had the earth remained at d. 

. plow theſe retardations of the emerſions in going from Jupiter 
and accelerations'of the immerſions in going towards him, have been of- 
ten found to amount to above ten minutes; and from the moſt accurate 
conſideration of them it is concluded that light deſcribes a line kc equal 
to the ſemidiameter of the earth's annual orbit, nearly in half a quarter 
of an hour. The motion of Jupiter in his orbit during the earth's paſſage 
from 6 to c and from d to a, is conſidered in that concluſion; and it is at 
laſt agreed by aſtronomers that theſe equations, of the times of theſe e- 
clipſes, cannot be accounted for either by any inequality in the motion 
of the ſatellite, or by any excentricity or inclination of its orbit; and laſtly 


that the three other ſatellites require the ſame equations of the times of 
nf. their eclipſes . 


CM APT E R VI. 


Teleſcopical diſcoveries in Saturn. 


The firſt tele 1 123. AL ILE O was the firſt perſon that obſerved any thing ex- 
. — traordinary in Saturn, which at that time he took for three 


vations upon 


globes, a larger between two ſmaller. They appeared almoſt to touch 
one another, and their centers lay exactly in a ſtraight line, which he 
judged nearly parallel to our equator. In the year 1610 he advertiſed 
this diſcovery by the letters of this ſentence tranſpoſed; Altiſimum Pla- 
netam tergeminum obſervavi; and afterwards added this caution, that un- 
leſs the teleſcope was good and magnified at leaſt 30 times in diameter, 
Saturn would not appear through it as three diſtin globes, but as nn 

only 
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only lengthened like an olive. He obſerved much the ſame appearance 
for above two years together, till in 1612 he was amazed to find the mid- 
dle globe left quite alone. But ſometime after that, the collateral globes 
appeared to him again, and being viewed by different perſons, through 
teleſcopes of different goodneſs, they ſeemed to ſome to ſtick to the mid- 
dle globe, to others to be ſeparated from it, and in proceſs of time to put 
on various ſhapes, ſometimes round, ſometimes oblong like acorns, ſome- 
times ſemicircular, then lunar, with horns pointing towards the globe in 
the middle, and growing by degrees ſo long and ſo wide as to encompaſs 
it, as it were with an oval ring. | 
1124. Theſe ſtrange appearances were obſerved for forty years toge- 
ther, and many hypotheſes were invented to ſolve them, as by Hevelius 
in his book de Saturn nativa facie, by Roberval, Hodierna, Gallet and 
others, an account of which is given us by Hugenius in his Syftema Sa- 
turnium publiſhed in 1659. This judicious perſon, finding no ſatisfaction. 
in what had been offered to the publick, and judging the chief impedi- 
ment to lye in the ſmalneſs and other imperfections of the beſt teleſcopes: 
then made uſe of, reſolved in the firſt place to improve the art of grind- 
ing object-glaſſes; in which he ſoon — o far as to make ſome 
teleſcopes that magnified two or three times more than ordinary. With 
theſe he diſcovered a ring about Saturn, which he ſhewed was the true: - 
cauſe of all thoſe ſurpriſing phænomena, and beſides that a ſatellite, re- 
volving round Saturn every 16 days, or thereabouts, in the plane of the 
ring produced. Ls 
1125. In March 1655, he ſaw Saturn through a 12 foot tube, as re- nnen, ob. 
preſented in fig. 672, with two Arms oppoſitely extended from the globe. on Saturn. 
They appeared a little thicker towards their extremities than near the Fig 672. 
diſk, and kept this ſhape till Saturn became immerſed in the beams of 
the ſun. But when he had loſt theſe arms in 1656 and recovered them: 
again ſome time after, they appeared through the 12 foot tube in the ſame: 
ſhape as before, but through another tube of 23 feet, which he had pre— 
pared in that interval of time, they appeared ſlenderer towards their ex- | 
tremities, as in fig. 673. He therefore concluded they would have ap- pig. 6732 4 
peared of this truer ſhape before, had they been ſeen through the longer l 
tube. A darkiſh zone or line paſſing ſtraight over the diſk, between the- 
upper ſides of the Arms was viſible even through the 12 foot tube. 
1126 In Jan. 16. 1656, after his return from his travels, he ſaw Sa- 
turn quite round as in fig. 674, but others had obſerved this phaſe before Fig. 67 
about the latter end of November; which continued round when Saturn | 
entered the ſun's beams a ſecond time. In every obſervation of this a | 
phaſe, that darkiſh line paſſed through the center of the diſk, and was | 
conſtantly directed to the ſatellite, and was alſo in the direction of the: | 
diurnal motion of the planet, and conſequently parallel to our equator. | 
| 
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1127. In Octob. 1656, Saturn began to appear again, with his arms 

is. 675- as in fig, 675, of the ſame ſhape as in the year before, but more diſtinct- 
Jy defined through better teleſcopes. The darkiſh line now joined the un- 
derſides of each arm, and was {till parallel to the diurnal motion of the 
planet, and likewiſe ever after. 3's | 

1128. On Novem. 26. The arms grew a little broader and appeared 
not ſo bright near the body as at their extremities. 

1129. In 1657. Decem. 17. As ſoon as Saturn had emerged from the 
ſun, both the arms were divided into two parts by a dark ſpace next the 

Fig. 676. body, and appeared like Anſæ as repreſented in fig. 676. The darkiſh 
zone was now carried farther downwards; and the ſame appearance con- 
zinued till Saturn's heliacal ſetting. 

1130. In 1658. Novem. 10. After his heliacal riſing, the Anſæ ſeem- 
ed wider than before, but were not diſtinct by reaſon of the vapours near 
the horizon. But on Feb. 6. they appeared very diſtin&, as repreſented 

Fig. 657. in fig. 677, which phaſe continued till the latter end of March, when the 
author left off obſerving. J have omitted an account of his other obſer- 
vations, as relating only to the motion of the ſatellite. - 

Dimenſions 1131, In the year 1656. before he had gone through all theſe obſer- 

wet Saturn and vations, he advertized his diſcoveries in Saturn in the letters of this ſen- 
7B tence tranſ poſed; Annulo cingitur, tenut, plano, nuſquam cobærente, ad 
echpticam inclinato; and afterwards he deſcribed the ſhape of the ring as 

Fig. 678. in fig. 678, where he makes the ſpace between the globe and the ring e- 
qual to, or rather bigger than, the breadth of the ring; and the greateſt 
diameter of the ring in proportion to the diameter of the globe as g to 4. 
Bur the truer proportion is 7 to 3, as Mr. Pound determined it by an ex- 
cellent micrometer applyed to the Hugenian glaſs of 123 feet. That there 
is empty ſpace between the ring and the Body is evident not only from its 
colour and other optical appearances, but alſo ſrom what Mr. Mhiſton 
relates in his Memoirs of Dr. Clarke's life; viz. that the Doctor's father 
once ſaw a fixt ſtar through the dark ſpace of one of the Anſæ. 

E on ring 1132. In the year 1675, after Saturn had emerged from the ſun's rays, 

e Sig. Caſſini ſaw him, in the morning twilight, with a darkiſh belt upon 
his globe parallel to the long axis of his ring, as uſual. But what was 
moſt remarkable, the broad ſide of the ring was biſected quite round by 
a dark elliptical line, dividing it as it were into two rings, of which the 

1 inner one 2 brighter than the outer, with nearly the like difference 
F -, as in brightneſs as between that of ſilver poliſhed and unpoliſhed; which 
p. 367. rem though never obſerved before, was ſeen many times after with tubes of 
Recueil'Ob- 34 and 20 feet, and more evidently in the twilight or moon light, than 


ſer. de A.; 
cad. Tom. X. in a darker ſky*. 


Þ- 582. 1133. Mr Hadley with his 5 foot Reflecter took notice“, that the upper 
Abridg. Val. Part of the ring ſeemed to be narrower than the lower or inner part _ 
G.p. „s.. | the 
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the body, and that the dark line which ſeparated them was ſtronger next + 2 
the body and fainter towards the upper edge of the ring as in fig, 679: Fis. %.. 
Within the ring he alſodiſcerned two belts, one of which croſſed Saturn 
cloſe to its inner edge, and ſeemed like the ſhade of the ring upon the bo- 
dy of Saturn; but when he conſidered the ſituation of the ſun in reſpe&t 
to the ring and Saturn, he found that belt could not ariſe. from ſuch a 
cauſe. The edge of the ſhadow of Saturn caſt upon his ring was alſo vi- [; 
ble, as repreſented in the figure, ,, - > 1 11 | 

1134. Agreeable to theſe are Mr. Pound's obſervationes made with the h f 
Hugenian glaſs *; who beſides the ring on the ſouth fide, ſaw a zone on „Phil. Tr. 
the north ſide, not ſo fat from the center as the ring, and not unlike the * e e 
ſmalleſt of Jupiter's belt. rin deen 

1135. Hugenius was of opinion at firſt, that the plane of the ring was Inclination of 

conſtantly almoſt parallel to the plane of the earth's equator, and conſe- — N * 
quently inclined to the ecliptick in an angle of about 23 4 degrees. Be- ** 

cauſe by ſeveral methods, mentioned in his Syſema Saturnium p. 51, he 
found that the long axis of the ellipſis, which the ring reſembles, was at 
all times nearly parallel to the plane of our equator. Bur in 1668 Meſs”. 
Roemer, Picard and himſelf meaſured diverſe ways the inclination of the 
greater diameter of the oyal to our equator, . and found it g degrees, and 
thence concluded its inclination to the ecliptick was about 34 degrees, 
eſpecially becauſe in the beginning of July 1664 Sig. Campani had ob- 1 
ſerved, that the ellipfis of the ring appeared broader than was expected, 
its long axis being double the ſhort one *; for as the long axis is to the * Phil. Tr. 1 
ſhort one, ſo is the radius to the fine of the ring's inclination to a line con- 45. P. | 
necting its center with the eye of the obſerver ; which inclination was | 
therefore 3o degrees, and Saturn's latitude being then about one degree, 
gave 31 degrees for the ring's inclination to the ecliptick. mn Fx ; 

1136. But unleſs Campani's teleſcopes were then very excellent, or at 

leaſt much better than Huyger's, no certain concluſion can be drawn 

from his obſervation, upon the ſhape of the ellipſis. For at the mean di- 

ſtance of Saturn from the ſun or earth, the long axis of his ring, ac; 

cording to Hugeniusò, appears under an angle of 64 ſeconds, but accord- * syttem Sat. 
ing to Mr, Pound, of but 42 ſeconds &; and there is much the ſame ? 1 
difference of 22” in their meaſures of ix jv apparent diameter, arifing princip. p. 
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from the different goqdneſs of their. teleſcopes, the hetter of the two 392. 


ſhewing the object diſtincter and freer from a falſe border of dilated light, 
and conſequently under a ſmaller angle, Now this border heing ſcen of 
the ſame breadth quite round the ring; makes the ellipfis appear broader 
than it ſhould do in proportion to its length, and conſequently would 0 
give too great an inclination of irs plane to the viſual rays. But what to 1 
allow for that border is uncercain, .. | 
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Saturn's phaſes ' 1137. Hugenius explains the phaſes of Saturn, * his whole revo- 


Fig. 680. 


 txuy. For though the diſtance between the planes of the ring, pro- 
duced through the ſun, be ſo ſmall that the outward ſegments 11 


lution about the ſun, by the following principles. Fitſt, that the plane 
of the ring keeps conſtantly parallel to it ſelf. Secondly, that the convex 
edge of the ring reflects too few of the fun's rays to render it viſible; the 


foundation of which ſhall be conſidered by and by. 


1138. Admitting theſe two principles, let ab cd be Saturn's orbit, 
the ſun in its focus, 4 ge a line drawn parallel to the plane of the ring. 

1139. Firſt then, whenever Saturn arrives at à or c, he will appear 
round, (as if he had no ring,) to an eye in any place of the earth's orbit 


the 
ſun's body will ſend ſome rays upon thoſe planes, yet by falling too ob- 


Hquely they will be ſcattered too thinly to render them viſible. And 
though they fall more directly upon the outward edge of the ring, yet 


in fact it is inviſible, either becauſe it reflects too few of thoſe rays, ac- 
cording to the principle premiſed, or becauſe its thickneſs ſubtends too 
{mall an angle at our eyes as Dr. Jurin has obſer ved in his curious Eſſay 
— «Me: and indi}tin#t viſion, at the end of the Remarks upon this 
ok. nn is Ml ($7. 4.50 71 142 171 ; 
1140. Secondly, for the reaſons laſt mentioned, the ring is alſo invi- 
fible whenever its plane produced paſſes through the carth: as when Sa- 
turn is at e and the earth at f or# in the line erz parallel to asc. | 
1141. Thirdly, the ring continues inviſible all the time that its plane 


pftoduced paſſes between the ſun and the earth: as at e, where its dark 


plane is expoſed to the eye placed any where in the arch x oppoſite 


to the ſun, and its light plane is turned from the eye; the edge being 
conſtantly inviſible as before. 15 

1142, Draw 5d perpendicular to asc, and while Saturn is moving 
from à to b, or c to d, a ſpectatot᷑ at the ſun would ſee the elliptical figure 


of the ring grow broader continually, till it arrives at bor 4, where it would 


appear broadeſt; the plane of it being then inclined to the viſual rays in 
the greateſt angle. WT VETO ene | 
1143. And to a ſpectator at the earth, the ellipſis will appear broadeſt, 
when a plane paſſing through the centers of the Earth and Saturn, and 
ſtanding upright on the plane of his orbit, becomes perpendicular to the 
line 4 5c: for. then it is alſo perpendicular to the plane of the ring, above 
which the eye is then elevated nearly as much as pothble. | 
1144 The figures in Saturn's orbit, repreſent the ring in its parallel 
poſitions, rhe'ſhaded half being below the plane of the orbit and the other 
above it; and the collateral figures ſhew the correſponding phaſes of Sa- 
turn at thoſe places, as ſeen from the ſun, or even from the earth. For the 
radius of the earth's orbit being between 5 and of Saturn's, can ſcarce 
0 ever 
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ever ſubtend a greater angle at Saturn than 6 degrees: ſo that the ellip- 
rical ſhapes of the ring, ſeen from the ſun, or from the earth, are not 
much different. fits. + Each s 114) Ha e | 50% Nie 81 { 

I 2 Hugenius grounds the neceſſity of admitting his ſecond principle U — 
upon the appearance of that darkiſh belt, which he conſtantly 5 upon bury 
that part of Saturn's body where the outward edge of the ring was opti. 
cally projected. Firſt becauſe; the edge was as fully expoſed to the ſun as Art. 1125: 
the plane of the ring. And ſecondly becauſe that dark. belt could not be 
the ſhadow of the ring caſt upon the body. For in all his obſervations, his 
eye happened to be more elevated than the ſun abõve the enlightened plane 
of the ring; and conſequently could ſee nothing of the ſhadow of its out- 
ward edge. He therefore concluded that in theſe caſes the dark liſt that he 
ſaw was only the optical projection of the outward edge; which being thick 
enough to be viſible upon a light ground, would be alſo viſible upon a dark 
one, or againſt the ſky, if it reflected light enough; and conſequently, that 
the Arms vaniſhed, in the caſes above mentioned, for want of a reflective 
power of the edge. In the round phaſe indeed, the dark plane of the ring 

was expoſed to his eye in a very oblique angle; and its optical projection 
upon Saturn together with that of the edge it ſelf, made up the whole 
darkiſh liſt ſeen as in fig. 674. In fig. 680 the numbers 1, 2, 3, 4, 5 ſhew 
the places of Saturn, and 1, 2, 3, 4, f the correſponding places of the Earth, 
when Saturn appeared to him as repreſented in fig. 673, 74, 75, 76, 77 
reſpectively. And the angle 5 5 2, (for a which the viſual ray 
makes with 5 2, the ring's interſection with: the plane of the orbit, being 
greater than the angle 35 2, which the ſun's rays make with it, ſhews that 
the eye was more elevated than the ſun above the enlightened plane of the 
ring. The ſhort axis of the ellipſis ſeen from the ſun, is as the angle s 5 2, 
but ſeen from the earth, as the angle'5 52 very nearly, becauſe the earth 
deviates very little from the plane of Saturn's orbit. 

1146. The longitude of the line asc, to which the interſection of the 1 
plane of Saturn's ring and orbit is conſtantly parallel, was determined by nodes of the 
Hugenius to be in 20%. 30 of Virgo and Piſces about the year 1696. But ring. 
by ſome better obſervations made in 1685, M. Maraldi placed it ſcarce * 
ſo forward as 19˙. 55 of thoſe ſigns; and by comparing an obſervation 
of Caſſini's made in 1671, with another of his own in 1715, he ſettled it 
more exactly in 19*. 45 of thoſe ſigns . . | | * Mem. de r 

1147. He determined theſe places of the nodes of the ring, by biſecting Acad. 1715. 
the interval between Saturn's heliocentrick places, given by the obſerved 
times when he loſt his Arms and regained them, or when they ſeemed to 
be of the ſame ſize before and after their diſappearance; or elſe by biſect- 
ing the interval between one heliocentrick place and the point oppoſite to 
the other, when the ring was obſerved in oppoſite parts of the orbit. 
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1148. By obſervations in the former caſe he found that interval to be 
+ degrees, and in the latter but little more than one degree; which ſhews. 
that leſs than half a degree's, elevation of the ſun's central rays above the 
plane of the ring, is enough to make it viſible to an eye ſufficiently raiſed 
above that plane, and aſſiſted with as good glaſſes as were uſed by Caſſini 
and Maraldi at the Royal Obſevatory. +4 KN | 
Times. of the 3 149. Therefore fince Saturn, in this part of the zodiack, deſeribes a 
round phaſes degree in a month, it follows that his ring is inviſible for want: of the ſun's 
how found. rays, no more than 15 days before, or 15 days after, its arrival at 190. 45 
of Virgo or Piſces. Fhe times when this round phaſe ſhall happen may 
therefore be readily found by the tables of Saturn's motion, or even by an 
Ephemeris; and ſo may the times when the plane of the ring produced will 
paſs through the earth, by ſeeking when Saturn's geocentrick place ſhall 
be in 19% 45“ of Virgo or Piſces; and likewiſe the times when the ring 
will appear moſt open, via when its geocentrick place is in 19% 45 of 
| Gemini and Sagittarius, that is, go degrees from its nodes. | 
And which 15D. It may not be amiſs to obſerve, that the ſun enlightens the north- 
plane of the ern plane of the ring during gaturn's heliocentrick motion from 199. 45 of 
Eghtenel. Virgo to the oppolite point, and the, ſouthern. plane during its — 
ccihrough the other fix ſign s.. roi .eg.no 7 
A fuſpicion + 15 T. In Oct. 1714 when the earth was very near to the plane of the 
that the "ug Ring produced, and was moving towards it, M. Maraldi obſerved, while 
an ni. the Arms were decreaſing night after night, both in length and breadth, 
Mem. de  - that the eaſtern Arm appeared a little larger than the other for three or 
Acad. 1715. four nights, and yet vaniſhed firſt. For after two nights-interruption by 
clouds, he ſaw the weſtern Arm alone, but never after, becauſe the next 
night was cloudy, and on the night after that (viz. the 14th of Octob.) 
Saturn appeared quite round and continued ſo ſome months. 
1152. This inequality of the arms gave him grounds to ſuſpect, that 
ſome parts of the ring or even the whole were not bounded by planes ex- 
n actly parallel; and that the larger Arm did not really diſapear firſt, but 
in the interval between the obſervations, was transferred into the place of 
the ſmaller, by a circular motion of the ring about an axis perpendicular 
to its planes. But whether the globe of Saturn turns round an axis or not, 
it does not appear by any obſervations that I have yet ſeen. 
Bovey 1153. Every one knows that Saturn has five ſatellites; that which du- 
4 atellrez genius diſcovered in 1655, is the outermoſt but one; all the reſt were diſ- 
Le. covered by Signor Caſſini: the outermoſt of all, and alſo the middlemoſt, 
or the next within the Hugenian, in. 167 l, and the two inner ones in 1686, 
which he diſcovered: with tubes of 10a and 136 feet, but afterwards could 
ſee all five with a 34 foot tube. He called them Sidera Lodoicea in honour 
of Louis le Grand, in. whoſe Reign and Obſervatory they were firſt. diſ- 
covered. | N . I 


14, % 
* 


Iii. In 1659 M. U „ publiſhed, in his Syſtema Saturnium a ta- Tables of | 


445” 


ble ol the mean motion of his own ſatellite, which Dr. Halley found by thelr motions? q 
his on obſervations in 1682 to be confiderably run out; and therefore 
preſented the publick with a new table computed from correcter Ele- 
ments . He alſo reformed Caffin!'s tables of the mean motions of all theſe» phil Trane: 
ſatellites ®, and about the year 1720 he publiſhed them a ſecond time, abrid. Vol. .. 
farther corrected from Mr. Pound's obſervations made with the Huge- do Fug 
nian teleſcope ®, Here he takes notice that the four inner fatellites de- . 1179 Vel. 
ſcribe their orbits very nearly in the plane of the ring produced, which 4. P. 223— 
he affirms to be parallel to our equator as to ſenſe, guicquid in contrari- — 
um proferant nonnulli; and that the orbit of the 5th ſatellite is ſituated a | 
little wide of the reſt, according to ſome late obſervations by M. Caſſini 
the fons | | 
1155. The diftance of the Hugenian ſatellite from Saturn's center, | 
Has been commonly obſer- 


ved. to contain 8 ſemidia- |Satel. . Periodical times Diſtances. 
meters of the ring, but Mr. | 

Pound with his microme- | | 
ter-applyed to the Hugeni- | I. | 17. 21%. 18, 27".,| 2, 10 
an teleſcope, found it tobe | 2 2, 17. 41. 22. | 2, 69 

8,7*. Hence the diſtances 3. | 4 12. 25. 12. » 75 | ® Newt. Prin- 
of all the reſt, in the table | 4. 15. 22. 41. 14. 8, 70” | cp. p. 392 
annext, were deduced from 5. 79. O7: 46; oo. | 25, 35 | 
their periodical times, ac- | | 
cording to the known relation among them, (that the cubes of the dia 
ſtances are as the ſquares of the periodical times,) and are found agree 
able to the obferved diſtances. So much for Saturn. 


1156. The following, proportions of the mean diſtances of the earth 
and planets from the fun, were alſo deduced from their periodical. 
times; according to the law juſt. mentioned, diſcovered by. Kepler and 
demonſtrated by Sir Jaac Newton. = 


+» oth nh th — P 


Periodical times in days and decimal parts of a day. 
Saturn, Jupiter. Mars. the Earth. Venus Mercury. 
107594275» 43325 514+, 686,9785;. 365,2565. 224,6176. 87,9692. 
| Mean diſtances from the ſun... . | 
954006. 520046. 152369, . 100000... 72333. 387 10. 
1157. By comparing theſe proportions of the diſtances of the ſun and 


planets, with the proportions of their apparent diameters meaſured by 
a micrometer, we haye the proportions of their real diameters, as ren 
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Realdiameters _ | Pf . WSU IE &p 8 181 a1 8 
of the Sun and The Sun. Saturn. Jupiter. Mars. the Earth. Venus. Mercury Mean. 
— 10000. 790. 996. 57. 109. 112. 40, 0% 

1158. For, the Sun's apparent diameter at his mean diſtance from 

us is 32, 12 2 1932. lr 

1159. And the Earth's apparent diameter, ſuppoſed to be ſeen, from 

the ſun at the ſame mean diſtance, is 21", as being double the ſun's hori- 

| zontal parallax of 100 f, which by many repeate obiervations Dr. Hal. 

Art. 875. Jey found to be not greater than 12", nor leſs chan. 9 Therefore the 
ſun's real diameter is to the earth's. as 1932: 21“; 19000 :. 199... - 

' ® Philoſ. 1160. Sir Jaac Newton collected“ from Mr. Pound's obſervations 

Princip p. made with a micrometer applyed to the Hugenian teleſcope of 123 feet, 

go” that an obſerver at the ſun would ſee Saturn at his mean diſtance, under 

an angle of 16", and Jupiter under an angle of 37; and conſequently 

would ſee Saturn, if brought down to the earth's mean diſtance, under 


* Art. 6o, an angle of . X 16'*= 152, 64096". Therefore the Sun's real diame- 


ter is to Saturn's, as 1932“: 152, 64096": : 10000 : 790. | 
1161. By the like reduction the Sun's real diameter is to Jupiter's, as 
1932" : 192, 417" :: 10000 : 996. | 
1162. When Mars was neareſt to the earth, Hugenius found his a 
t parent diameter did not exceed 30, and that the diſtance of Mars from 
* Syſtems the earth, was then to the ſun's mean diſtance from us, as 15 to 4.1 *. 
Saturnium P- Conſequently Mars removed to the ſun at that diſtance, would have ap- 
79: red under an angle of 24 x 30''= 10, 9756". Therefore the ſun's real 
diameter is to that of Mars, as 1932” :.10, 9756”:: 10000: 57, 
Phil. Tranf, 1163. Dr. Halley collected“ from the appearance of Venus and Mer 


N. 348. cury in the ſun's diſk *, that Venus ſeen from the ſun at her mean di- 
m— ol. 4. ſtance, would appear under an angle of 30", and Mercury at his mean 
p uz. diſtance, under an angle of 20", Conſequently Venus removed to the 
& 


„ * Earth's mean diſtance from the ſun, would appear under an angle of 


22 x 30'=21, 6999". Therefore the Sun's real diameter is to that of 


Venus, as 1932": 21, 6999" :: 10000: 112. 
1164. By the like reduction the Sun's real diameter is to Mercury's 
as 1932": 7,742" :: 10000: 40. ; | 
1165. The apparent diameters of the prong as ſeen from the ſun at 
Fig. 68r. their mean diſtances from him, were collected from their obſerved dia- 
meters in this manner. Let the ſun be at s, the earth at e, the planet at 
p, when its diameter was obſerved at the diſtance pe. By aſtronomical 
tables the angles of the triangle sep, and conſequently the proportions 
of its ſides are given; and alſo that of 5p to 5m, ſuppoled to be the pla- 
ne*s mean diſtance from the ſun; and from theſe proportions thoſe of 
its apparent diameters at the diſtances ep, p, am, are deduced by art. 60. 
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1466. From the ſun's horizontal parallax of 10 f, it follows that his Diftances or 
Mane from us is 9962: diameters of the earth. Becauſe in a right an- nf Br.. 
gled triangle, in which che earth's ſemidiameter ſübtends an angle c 
10 Fat the ſun's center, the diſtance between the centers of the ſun and 
earth, is to the carth's ſemidiameter, as the radius to the tangent of 10, - 
that is, as 19924 to k. f | 
1167. Hence the real diſtances of all the planets from the ſun, are 
given by the table of their proportions in Art. 1156. * 

1168; The moon's apparent mean ſemidiameter is 15. 38“ 938“ Moon3 real 
and at that time her mean horizontal parallax is 57. 12 23432. There- —_ 
fore the carth's real ſemidiameter is to the moon's, as 3432": 938':: 

109: 30 almolt, which expreſſes her real diameter with reſpect to thoſe: 
of the ſun and planets in Art. 1157. | 

1169: Hence the moon's mean diſtance from us is a little above 60 
of the earth's ſemidiameters. Becauſe the radius is to the tangent of 357. 


a "2% 
12. as 60-5 to I nearly, x No 
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1 Teleſcopical diſcoveries in the Fixt Stars 1 
1170.” Fur the fixt ſtars have no ſenſible parallax, or, which is the-Multitudes of 
I. fame ching, that. the earth's annual orbit (whoſe diameter a 1 
cannon ball could not deſcribe in leſs than 50 years, ). would appear of no 
ſenſible magnitude through a teleſcope placed at a fixt ſtar, is ſuch an a- 
mazing concluſion as Sold not be believed, were it not ſupported by un- 
deniable evidence. But as this is the caſe, it is no longera wonder why 
the beſt teleſcopes don't at all magnify the apparent diameters of the ft 
ſtars, though they diſcover vaſt multitudes that are quite imperceptible 
F the naked eye; and the more of them as the aperture is more enlarged 1 
to take in more light, and the eye-glaſs made flatter to render it diſtinctꝰ . Art. 360. 
The Milky Way, which had puzzled the ancient philoſophers for many 

ages, was found at laſt to be nothing elſe but a prodigious number of ve- 
ry minute ſtars, fo cloſe to one another that the naked eye can only per- 
ceive whitiſh mixture of their faint lights. This was Galileo's diſcovery, 
who found alſo that thoſe faint ſtars, which Aſtronomers call Nebuleſæ, 
appeared through his teleſcope to be ſmall cluſters of very minute ſtars. | 
1171. Hugenzmus in the year 1656, looking by chance through a large Lucid ſpots 
teleſcope, at three ſmall ſtars very cloſe to one another in the middle of F795 
Orion's ſward, ſaw. ſeveral more as uſual. But the three little ſtars very 
near one another (marked 8 by Boyer). together. with four more, ſhone Fig: 532- 
our as it were through a whitiſh cloud, much brighter than the ambient 
Ey: Which being very black and ſerene cauſed that lucid part to * 
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like an aperture, that gave a proſpect into a brighter region. He viewed 
it many times, and 3 continued in the very ſame place, and of the 
ſame ſhape as the figure fepreſents, and called it Portentum cui certe ſi- 
mile aliud nuſquam apud ee potuit ani madvertere *, 

1172. But in the Philoſophical Tranſactions &, there is an account of a 
later diſcovery of five more loch lucid ſpots, though leſs conſiderable than 
this of Hugenius; the middle of which, we are there told, is at 8 

in 1.19%. oo. with ſouth latitude 28*, 45 ; and that it ſends forth a ra- 


diant beam into the ſouth eaſt, as another in the girdle of Andromeda ſeems 
to do into the north eaſt. It is alſo there remarked, that though theſe 
ſpots are in appearance but ſmall, and moſt of them but a few minutes in 


diameter, yet ſince they are among the fixt ſtars, as having no annual 
parallax, they cannot fail to occupy ſpaces immenſely great, and perhaps 
not leſs than our whole ſolar ſyſtem; in all which ſpaces it ſhould ſeem, 
chat there is a perpetual uninterrupted day”. | 

1173. It is no the Author of theſe reflections, if I miſtake not, that 
we owe another curious account of what is principally remarkable in the 
new ſtars that have appeared and diſappeared for 150 years laſt paſt*. I 
will mention but one or to. That in the chair of Caſſiapeia was not ſeen 


Vol. 1 p. 222 by Cornelius Gemma on the eighth of November 1572, who ſays, he that 


**Philol.. 
Princip. p. 
526. 


night conſidered that part of the Heaven in a very ſerene ſky, and ſaw it 
not: but that the next night, Novemb. 9, it appeared with a ſplendour 


exceeding all the fixt ſtars and ſcarce leſs bright than Venus. This was 


not ſeen by Tycho Brahe before the 1 1th of the ſame month; but from 
thence he aſſures us, that it gradually decreaſed and died away, ſo as in 
March 1574, after 16 months, to be no longer viſible; and at this day 
nor the leaſt ſigns cf it remain. The place thereof in the ſphere of the 
fixt ſtars, by the accurate obſervations of the ſame Tycho. was of, 99. I7. 
from the firſt ſtar of Aries, with 53*. 45 north latitude”, To this account 
Sir Jaac Newton adds , that in November, when it firſt appeared, it 
fſeen:$d equal to Venus in brightneſs, in December to Jupiter, in January 
1573 leſs than Jupiter but bigger than Sirius, and equal to him in Feb- 
ruary and March; in April and May equal to the ſtars of the ſecond mag- 
nitude, in June, July and Auguſt to thoſe of the third, in September, 
October and November to thoſe of the fourth, in December and Janua- 
ry 1574 to thoſe of the fifth, in February to thoſe of the fixth, and in 
March it vaniſhed. That its colour was at firſt clear, white and ſplendid, 
afterwards yellow, and in March 1573 red and fiery like Mars or Alde- 


- baran, in May of a pale livid colour like that of Saturn, which grew - 
_ Fainter and fainter ill 


it vaniſhed. 
41174. That ſuch another ſtar was ſeen and obſerved by the ſcho- 


lars of Kepler to begin to appear on Sept. 30. St. Vet. Anno 1604, which 


was not to be ſeen the day before; bur it broke out at once with a luſtre 
| | FF Preater 


\ 
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greater than that of Jupiter; and like the former, died away gradually, | 
and in much about the ſame time diſappeared totally, there remaining no 
footſteps thereof in January 160$. This ſtar was near the ecliptick, fol- | 
lowing the right leg of Serpentarius; and by the obſervations of Kepler 5 
and others, was in 77. 20% o. from the firſt ſtar of Aries, with north 
latitude 15. 86. | | 
1175. Laſtly, that the ſudden eruption of ſuch another ſtar, ſhining | 

out more than uſual, engaged Hipparchus to make the firſt catalogue 

of the fixt ſtars; that poſterity might know what changes might happen 
among them. | 

1176. We obſerved above“, from Sir 1/aac Newton, that thoſe co- The Origins 
mets which approach ſo near the ſun as to paſs through his atmoſphere, 7 2 13 
may be ſo much reſiſted and retarded after ſeveral revolutions, as at 

laſt to fall down upon the ſun with a vaſt force. And from thence he 
conjectures, that the ſtars we have mentioned, which ſudgenly ſhine out 

with very great ſplendor and then decay gradually till they vaniſh out of 

ſight, may now and then be ſtirred up and blaze out again by the ſhock 

of a comet falling down upon them. But thoſe other new ſtars, which 
appear and diſappear periodically, which increaſe by very flow degrees, 

and ſeldom exceed the ſtars of the third magnitude (ſeveral of which may 
be ſeen in the hiſtory I mentioned) he takes to be of another ſort, or at 
leaſt in another ſtate; which revolving about their axes, like the ſun, may 

expoſe their light and dark parts to us ſucceſſively. For the fixt ſtars 

are undoubtedly ſelf-ſhining bodys of the ſame kind as the ſun, and 

therefore equally ſubject to large dark ſpots or cruſts upon their ſurfaces, 

Becauſe the light of the ſun propagated to thoſe vaſt diſtances, and re- 

flected back from opake bodys of ſenſible apparent magnitudes, would 
be too much rarified to affect our ſenſes; as Galileo collected from the 

fainter lights of the remoter planets from the ſun, compared to the luſtre 

of the fixt ſtars. 

1175. After ſeveral attempts by Dr. Hook, Mr. Flamſtead® and others, An inquiry is- 
to determine the annual parallax of the fixt ſtars, the Honourable Samuel 3 
Molyneux Eſq; in the year 1725, erected at Kew a very accurate inſtru- fx: ſtars 
ment, in order if poſſible to arrive at ſome degree of certainty in this dif- Wallifii ope- 
ficult inquiry: in the proſecution of which he followed Dr. Hook in , 3 P. 
ſome reſpects, as in taking the zenith diſtances of the brighteſt ſtar in Phil. Tranſ. 
the Dragon's head at the times of its tranſits over the meridian, and alſo = Val. 
in the form of his inſtrument, conſtructed almoſt upon the ſame prin- 6. p. 165. 
ciples with the Doctor's, but executed to a degree of exactneſs vaſtly ; 
greater, and chiefly owing to the care and contrivance of Mr. George 
Graham. | 

1178. The Rev. Mr. Bradley Profeſſor of Aſtronomy at Oxford, who 

all along aſſiſted Mr, Molyneux in the proſecution of this noble deſign, 

L11 
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has obliged the publick with a very accurate hiſtory of it, in a letter to 
Dr. Halley'*; containing not only an account of ſeveral new and ſur- 
priſing phænomena that attended the obſervations, (which he therefore 
continued and repeated after Mr, Molyneux's deceaſe,) but alſo a com- 

leat diſcovery of the true cauſe of them; which at laſt enabled him to 
Ele the point in queſtion, and to draw from it ſome admirable conſe- 
quences relating to the propagation of light. As I look upon theſe diſco-. 
veries to be ſome of the fineſt that we have had ſince the invention of te- 
leſcopes, I will endeavour to give the ſubſtance of them in as clear a 
manner as I can. 

1179. The reſult of the obſervations upon the bright ſtar in the dra- 
gon's head, marked / by Bayer, was this. | 

Beginning from December 3. 1725, its diſtance from the zenith he- 
ing taken ſeveral days, at the time of its fran/it over the meridian, there 
appeared no material difference in the obſervations. - | 

1180. On Decem. 17. it paſſed a little mare ſoutherly from the zenith 
than before, and ſtill more on the 20th; which was matter of ſurpriſe, 
both becauſe no ſenſible alteration of parallax could ſo ſoon be expected 
in this ſtar at that time of the year, and becauſe it was the contrary way: 
to what it. would have been, had it proceeded from an annual parallax, 

1181. Aboutthe beginning of March 1726, the ſtar was found tobe 20” 
more ſoutherly than at the time of the firſt obſervation, and ſeemed to. 
have arrived at its utmoſt limit ſouthwards. 

1182, By the middle of April it appeared to be returning back again to- 
wards the north, and about the beginning of June it paſſed at the ſame 
diſtance from the zenith as it had done in December when it was firſt: 
abſerved. 


1183. From that time it continued to move northwards till September 


following, when it again became ſtationary, being then near 20" more 


northerly than in June, and no leſs than 39 more northerly than it was. 
in March. > | 

1184. From September it returned towards the ſouth, till it arrived in 
December at the ſame ſituation it was in at that time twelve months, al- 
lowing for the difference of declination on account of the preceſſion of 
the equinox. | 

1185. By the like obſervations made upon a ſmall ſtar almoſt oppoſite 
in right aſcenſion to Draconis, and at about the ſame diſtance from the 
north pole of the equator, it appeared to change its declination 19", that 
is about half as much as Y Draconis did in the fame time. Which plain- 
ly proved, as Mr Bradley obſerves, that theſe apparent changes were not 
owing to a nutation of the earth's axis, ſince the changes on this account 
would have been nearly equal in theſe ſtars, as lying near the ſolſticia. 


Upon. 
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1186. Upon comparing the obſervations with each other it was diſco- 
covered in both theſe ſtars, that the apparent difference of declination, 
reckoned from the limits above mentioned, was always nearly proporti- 
onable to the verſed fine of the ſun's diſtance from the equinoctial points. 
1187. And that the whole difference of declination in theſe ſtars, was 
as the fine of the latitude of each reſpectively. 
1188. After a year's obſervations upon many other ſtars, in different 83 
parts of the heavens, made with a new inſtrument ſet up at Wanſted in ſolve theſe 
1727, Mr. Bradley found out ſome other properties of their apparent mo- Phznomens: | 
tions; and after examining and rejecting two or three hypotheſes, by | 
which he attempted to ſolve them, at laſt he conjectured that all theſe 
phenomena proceeded from the progreſſive motion of light and the earth's 
annual motion in her orbit. For he perceived, that if light was propaga- | 
ted in time, the apparent place of a fixt object would not be the ſame 
when the eye is at reſt, as when it is moving in any other direction than | 
that of a line paſſing through the eye and object; and that when the eye | 
is moving in different directions, the apparent place of the object would 
be different. I will firſt deduce ſome conſequences from this hypotheſis g 
and then compare them with the phænomena. | l. 
1189. If an eye moves uniformly in a ſtraight line. from à to þ in the Some conſe- 
time that the light of afixt ſtar deſcends uniformly in a ſtraight line from qe vendor 
c toò, the ſtar will appear in a direction conſtantly parallel to ac. Fig. 68z. 
For conceiving the eye to carry the line ac parallel to itſelf, its inter- 
ſection with the fixt line 5c will move uniformly“ from c to b, and will * Euclid VI. 
therefore accompany a particle of light deſcending uniformly from e to ; * 
and becauſe this interſection is a moving point, not only in the fixt line 
bc, but alſo in the moving line ac, it is plain that the particle which 
accompanies-the interſection c, moves relatively in the moving line ac. 
In like manner a particle of every other ray, parallel to ch, which the 
moving line ac ſucceflively meets with, moves alſo in the moving line ac; 
and thus a ſucceſſion of theſe particles, moving along ac, conſtitute a 
viſual ray in whoſe direction the ſtar appears. ; 
1190. Hence ſuppoſing the earth's center & to move uniformly in a gig. 684. 
circular orbit Y & Ab, round the ſun in its center B; if in a line BC drawn 
towards a fixt ſtar, ſuppoſed infinitely diſtant, you take a diſtance BC 
in proportion to Bb or BA, as the velocity of light to the velocity of the 
earth's center, an obſerver upon the earth at &, will conſtantly ſee that 
ſtar in a direction very nearly parallel co a line AC, connecting the point 
C with a point A in the orbit conſtantly go degrees behind the earth. 
For drawing 6 and bc parallel to BA and BC reſpectively, and 
tending the ſame ways from & and B, and alſo any line ac parallel to 
AC; by the fimitar triangles bca, BCA, we have bc: ba:: BC: BA, as : 
the velocity of light to the velocity * 11 earth. Conſequently if an eye 1 
L 2 f 
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Art. 1189. 
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be ſuppoſed to move along the tangent 46 with this latter velocity, it 
will 2 the ſtar in a direction conſtantly parallel to ac or AC. But the 
eye in the orbit moves with that velocity, and paſſes by the point 4 in the 
direction of that tangent, and therefore at that paſſage it ſaw the ſtar in 


the ſame direction in which the other eye in the tangent ſees it conſtantly. 


Fig: 685. 


t. 1191. 


The earth's diurnal motion alters this concluſion fo little that I need not 
here conſider it. | 

1191. Therefore the apparent parallax of the ſtar to an obſerver at 6, 
is conſtantly meaſured by the angle ACB, if the point A be always go 
degrees behind the earth at 5, and conſequently go degrees before the: 
ſun's apparent place © in the ecliptick. 

1192. Hence the 8 latitude of any ſtar, ſuppoſed infinitely 
diſtant, will be leaſt of all when the ſun's place in the ecliptick is go de- 
grees forwarder than the ſtar's; and from that time it will increaſe for- 
half a year, and then decreaſe for the next half year, and its increment 
reckoned from theſe limits will be conſtantly as the verſed ſine of the ſun's. 
longitude reckoned from his place before mentioned. 

For drawing CD perpendicular to the plane of the orbit, join AD; 
and draw D cutting the orbit in Land M. The point L, neareſt to D, 
is the ſtar's place in the ecliptick, and the point ©, oppoſite to &, is the 
ſun's place therein. Now when the point © was at N, go degrees for- 
warder than L, the point A, being always go degrees forwarder than © *, 
was at M, the fartheſt point from the perpendicular CD; and conſequent- 
ly the ſtar's apparent latitude, always meaſured by the angle CAD, was: 
then the leaſt poſſible, 

Draw AE perpendicular to LM, and joining C, CE, CM, draw - 
MF perpendicular to CE produced. Then conceiving the point A to 
move in the perpendicular AE towards E, the angle CAD will approach 
to a maximum CE D, and therefore will increaſe. very little, eſpecially as 
the angular approach ACE is exceeding ſmall. Therefore inſtead of the 
apparent latitude CAD we may take CED, and conſequently the angle - 
ECM for the increment of the leaſt latitude CMD: now this ſmall an- 
gle ECM is as its fine MF or. (becauſe the ratio of MF to ME varies 
very little) as ME the verſed fine of the arch MA equal to N ©, the ſun's 
longitude from N, go degrees forwarder than the ſtar's place L. 

1193. When a ſtar is ſituated any where in the ſolſticial colure, the 
increments or decrements of its latitude and declination are the very ſame 
quantities; and therefore if the ſtar be ſyppoſed infinitely diſtant, and.: 
its longitude be in the beginning of Capricorn, with north declination, 
its apparent declination will be the leaſt at the time of the vernal equi- 
nox, and the greateſt at the autumnal ; and its increments and decre- 
ments reckoned from theſe limits, will be proportionable to the verſed - 

N ſine. 
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fine of the ſun's longitude reckoned from. the equinoctial points: which | 
agrees with the phznomena in Art. 86. | 

1194. The whole apparent parallax LP M of a ſtar in the pole of the pig. 686. 
ecliptick, is to.the whole apparent parallax LCM in the latitude of any ; 
other ſtar, as the radius to the fine of the latitude CBL. For fince BP 
equals BC, drawing BFand BG perpendiculars to CL and CM, the ſmall 
angle BPL is to B CL as BL to BF, that is, as the radius to the fine of 
the angle B LF or of the latitude CB L. Again, the ſmall angle BPM Art. 204. 
is to BC Mas BM to BG, that is, as the radius to the fine of BMG or 
of the latitude C BL, as before. Therefore the whole angle LPM is to 
LCM as the radius to the fine of the latitude C BL. 

Hence, from the obſerved parallax in latitude, or in declination of ſuch 
ſtars as lye in or near the ſolſtitial colure, we have the parallax that 
would belong to a ſtar in the pole of the ecliptick, which is plainly the 
greateft of all. Thus in-y Draconis whoſe latitude CB L.= 742. 58'. 20", 
the obſerved parallax LCM was 39'*, and thence the greateſt parallax * Art. 1183 
LPM comes out 40', 4. Likewiſe in the little ſtar above mentioned, 
whoſe diſtance from the north pole of the equator is 38*. 28. 35" , and. © The 36th 
conſequently its latitude a little above 28*. o. 25”, as being almoſt op- took _— 
polite in right aſcenſion to Draconis, the obſerved parallactick angle.in Flamfrad's 
LCM was 19'*, and thence LP M comes out 40", 4 as before. 8 

1195. Mr. Bradley having applyed his obſervations upon the parallax The greateſt: 
in declination of ſtars in any ſituation whatever, ta his theory farther: Parent pa-, 
purſued, aſſures us they all conſpire to prove, that the greateſt parallax * ** 
LPM is about 40 or 41 ſeconds, and thinks the medium 40 cannot 
differ ſo much as one ſecond from the truth. | 

1196. Hence the velocity of ſtar-light comes out 102 10 greater tham The velocity 
the velocity of the earth's mean motion round the ſun. For the former: of Star- 
velocity is to the latter as BP to. BL or BM*, that is as the radius to der 1 
the tangent of BPL or BPM g 20“ as above determined. 2 

1197. From what has been ſaid Mr. Bradley infers. 1. That the lights Some proper- 
of all thoſe ſtars arrive at the earth with equal.velocities. 2. That unleſs i f Light. 
their diſtances from us are all equal, (which for other reaſons beſides 
that of their different luſtre, is highly improbable)” their lights are pro- 
pagated uniformly to all diſtances from them. 3. That the velocity of 
ſtar-light is fuch as carries it through a ſpace equal to the ſun's diſtance . | 
from us in 80. 13', this time being to the time in which the earth mighs 1 
deſcribe that diſtance, with the velocity of her mean motion round the: 
ſun, as 1 to 102 10, and this latter time, to half a year, as the diameter of. 
a circle to its circumference.) 4. That the time ſo determined can ſcarce 
differ 5 or 10 ſeconds from the truth, which is ſuch a degree of exactneſs, 
as can never be expected from the eclipſes of Jupiter's ſatellites. 5. That 
as this determination of the velocity of ſtar- light, comes out a medium a- 

mong.: 
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mong ſeveral determinations of the velocity of the ſun's light reflected 
from thoſe ſatellites, we may reaſonably conclude that the velocities of 

| theſe lights are equal. And laſtly, ſince it is highly probable that the ve- 
Ar. 1176. Jocity of the ſun's emitted light is alſo equal to that of ſtar- light &, it is e- 
qually probable that its velocity is not altered by reflection into the ſame 

medium. 

1198. From Art. 1190, 1194. &c, it follows plainly, that a ſtar pla- 
ced in the pole of the ecliptick would appear in a years time, to deſcribe 
about the pole a little circle whoſe apparent ſemidiameter is 2004; and 
that any other ſtar will appear to deſcribe, about its true place, an ellipſis 
whoſe long axis is at right angles to the circle of longitude paſſing through 
the ſtar's true place, and equal to the diameter of the little circle juſt 
mentioned, and whoſe ſhort axis is to the long one, as the ſine of the ſtar's 

latitude to the radius. 
Real parallax 1199. Upon this theory farther purſued Mr. Bradley proceeds ſynthe- 
inſenfible. tically, by aſſuming the maximum of apparent parallax as determined 
| above, and calculating tables of the differences in declination of y Dra- 
conis ſituated near the ſolſtitial colure, and of y L Majoris nearer to 
the equinoctial than the ſolſtitial colure ; and by comparing the tables with 
his obſervations, he found they agreed together throughout the year, 
ſometimes in the very ſame number of ſeconds, and that in 0 or 60 obſer- 
vations of each ſtar, they never differed ſo muchas two ſeconds ; allowing 
for the variation of declination cauſed by the regreſſion of the equinoctial 
points: which amounts to a phyſical demonſtration of the truth of his 
theory, and does in conſequence afford a very ſatisfa&tory anſwer to the 
point in queſtion, concerning the real parallax and diſtance of the fixt 
ſtars. As to which he believes he may venture to ſay, that the real parall- 
ax in either of the ſtars above mentioned does not amount to 2", being of 
inion that if it were 1” he ſhould have perceived it in the great number 
of obſervations that he made eſpecially upon / Draconis; which agreeing 
An. 1189. With the theory, without allowing any thing for a real parallax *, nearly 
4190. Ke. as well when the ſun was in conjunction with, as in oppoſition to this 
ſtar, it ſeemed to him very probable, that its real parallax is not ſo great as 
one fingle ſecond; and conſequently that it is above 400000 times farther 
from us than the ſun. | 

Some account 1200. As the agreement of the obſervations with one another and with 
of Mr. Mag- the theory, to the degree of exactneſs here mentioned, may ſeem incredi- 
my re bl wo perſons unacquainted with the ſtructure of the inſtruments here 
Cope, made uſe of; having by me a memorandum that I took of Mr. Molyneux's 
whenlI ſaw it at Kew, I will endeavour to give the reader a general Idea 
of it ; ſuch at leaſt as may ſatisfy his curioſity till Mr. Bradley ſhall be 

pleaſed to favour us with a fuller deſcription both of this and his own. 
1201. The teleſcope 46 was ſuſpended in a vertical poſition by two 


poliſhed 
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poliſhed cylinders c, d, fixt near the top of the tube, ſo chat their com- Fig. 683. 


mon axis, if produced through the tube, would paſs at right angles to its 
axis, through a point near the center of the object glaſs. When the teleſ- 
cope was turned upon theſe cylinders, its axis of viſton moved like a pendu-- 
lum in the plane of the meridian; while a fine long wire abe, whoſe loop 
was put over one of the cylinders, hung down by the ſide of the tube, be- 
ing gently ſtretched by a plumbet immerſed in a veſſel of water, deſigned 

to retard its vibrations. The lower end of this wire played gently againſt 

the ſmooth ſide of a ſlender braſs plate 7g, fixt randrerſcly to the {ide of 
the tube, ſo as to point northwards and ſouthwards ; and in the middle 
of this plate was punched a very fine round hole at 5b, rather broader than 
the thickneſs of the wire ab. The teleſcope was gradually moved upon» 
its axis of ſuſpenſion by the preſſure of a long ſkrew hi, in a direction pa- 

rallel to Fg; the ſkrew worked in a hole of a plate &, fixt to the wall of 
the houſe, and the tube was made to bear againſt the end of the fkrew- 
by a weight m fixt to the end of a ſtring nn paſling over a pulley , and 
having its other end tyed to a hook, fixtato in the fide of the tube. The op- 

fite end of the long ſcrew hi was fixt, like an axis, in the center i of a. 

raſs wheel. pqgr, whoſe circumference was divided. into a convenient 
number of equal parts, while an index 7s fixt to the board 4/, pointed to - 
the diviſions of the wheel. 

1202. Things being thus prepared, while the wheel p qr was gently” 
turned, the part of the wire near 6, which played againſt the tranſverſe- 
plate fg, was viewed through a double microſcope , till the little hole 
in this plate appeared to be biſected by the wire. The teleſcope being thus 
rectified immediately before the beginning of every obſervation of.the- 
tranſit of Draconis, (which paſſes very near the zenith of Kew,) and 
the diviſion of the wheel over againſt the index rs being then noted, the 
wheel was turned again, till the interſection of the wires in the focus was 
brought to touch the ſtar at the inſtant of its tranſit. Then by the num 
ber of the revolutions of the wheel and the parts of a revolution that had 
paſſed by the fixt index rs, the angular motion of the axis of the teleſcope 
was eaſily collected, from a proper table of minutes and ſeconds anſwer- 
ing to thoſe revolutions. Now the differences of theſe angles found at 
different obſervations, are the differences of the ſtar's declination. And the 
inſtrument being rectified every time as above, it is eaſy to underitand? 
that theſe angular diſterences could not be altered by any warping, 
ſhrinking or ſwelling of the materials of the inſtrument. 

1203. Mr. Bradley's inſtrument has the addition of a divided arch of 
12 + degrees in the place of the plate fg; and though its radius is but 12 
feet, which is but half that of Mr. Molyneux's, yet he is ſatisfied, from 
all the trials he has made, that when it is carefully re&ified as above, its 
ſituation may ſecurely be depended on to half a ſecond... 5 8 
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RERMARE S 


UPON THE WHOLE WORK. 


bore to mention many things not un- 

worthy of notice; but being not ne- 
ceſſary to the train of reaſoning, for great- 
er perſpicuity I choſe to ſeparate them from 
ita to put them together 


O ſhorten the 2 to the principal con- 
clufions in the foregoing work, I for- 


under the title of - 


Remarks, to be peruſed or paſſed by at the plea- 
ſure of the reader. 

Having a new numeration of the additio- 
nal figures forthe Remarks, I quote them thus, Fig. 
1. 2.&c. and the formerfigures thus, FI. 1. 2.&c. 
which I omit to quote whenever the Remark re- 
lates to the figure belonging to the article it (elf. 


Uxon Book I. 
Chapter 1. Concerning Light. 


Upon AR r. 4. 


1. By ſome authors the angle AC Pis called 
the angle of inclination, and E CA the refratt- 
6d angle, and their difference E CG the angle of 
refraction ; which for greater diſtinction may be 
called the angle of deviation. 

- Upon Ax r. 13. 8 85 

2. Hugenizs gives us the following hiſtory of 
the Pe of this Jaw =, « The b refration of 
rays at the ſurfaces of tranſparent bodies, is a 
thing taken notice of by the ancients. For Ari- 
flotle has a problem concerning the apparent cur- 
* an oar in water ; and Archimedes is ſaid 
to have written a book about the appearance of 
a ring or cirele under water; in which no doubt 
he conſidered the refraction of the rays and the 
fallacy of fight thence ariſing, M/hazen the Ara- 
bian and Vitalis tell us that the Angles of in- 


cidence and refraction are in a given ratio, and 


thought _y pretty .well proved it by ex- 
periments 3 but this proportion being found er- 
angles, the moderns began to 


examine the matter more ſtrictly. Kepler among 


b Parali 
mena 5 
Vitellio- 
nem. 


Fig. 2, 


the reſt made ſeveral experiments about it, but 
miſſed his aimb ; nevertheleſs his conjectures 
and attempts became uſeful to others. After the 
invention of teleſcopes, the ſubject of this en- 
guiry, being thought more valuable than before, 
was farther purſued ; and Willebrordus Snellins 
after many troubleſome experiments and at- 
tempts, at laſt found out the truth; but fill he 
did not throughly comprehend his own inven- 
tion. | 

3. It was this. Suppoſing the ſurface of wa- 
ter to be AB, and an object under it at D, which 
to the eye at F appeared as It were in the line 


FC ; he produced this FC till it met in G with 


he perpendicular DA to the ſurface AB. Then 


he affirmed that the image of the object D ap- 


peared at G; and that CD was to CG in a cer- 
tain given ratio, as of 4 to 3, if the fluid was 
water. This is very true and agrees perſectly 
with our 5th law. uſe, by the known pro- 
perties of the triangle CDG ®, the fide C 
to CG, as the fine of the angle DGC or 400 


or HCF, to the fine of CDG or DCE; which 


are the angles of incidence and refraftion. 
4. But yet Snellius never imagined that this 
was the ratio of the fines. For being prepoſſeſſed 
with a notion chat all d ed upon the 2 
t image; even of the icular HC 
ie thought there was a refraftion, or as he 
calls it a decurtation or ſhortening of the vi- 
ſual ray: being led into the miſtake by obſerv- 


ing that the whole bottom of a veſſel, filled wich 


water, ſeemed to riſe up when viewed from a- 
bove. But the true cauſe of this appearance is 


to eg from the tendency of the rays to 
both 


eyes. [Here our author himfelf has made 
a ſlip as well as Snellius. For the bottom of the 
veſſel ſeems as much elevated to one eye as to 
both, and the true cauſe of its elevation is ex- 
plained in Art. 139, 145 and 146.] I have ſeen 
the whole book which Sne/lias wrote upon this 


ſubject, though not yet publiſhed ; and am told 


that Des Cartes ſaw it too; and perhaps it was 
from hence he found that the true meaſure of 
refractions was to be taken from the fines of the 
angles: and this he applyed very fucceſsfuliy to 
the explication of the rain - bow, and the deter- 
mination of proper figures of glaſſes to refract 
rays to a given point. So far Hugenius, 
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2 REMARKS UPON 


Upon AR r. 42. 


5. J forgot to obſerve that Fire. 69 and 74 
reſent the refractions of a ray paſſing through 
a tphere placed within a medium denſer than it 
ſelf. e | 
Upon AR r. 48. | 
6. line 1. read thus. On the contrary, if rays 
be returned diredly back from the focus Fin con- 


Upon Chapter 3. Concerning 
pl Upon A r. 85. hy 


8. If an object be viewed diſtinctiy and ſue- 
rene at three different diſtances from the 
eye; the firſt of which may be the leaſt diſtance 
at which it can be viewed diſtinctly, the ſecond 
double the firſt, and the third infinite ; it is e- 
markable that as great alterations in the figure of 
the eye are nece for. ſeeing the ohject di- 
ſtinctly at the firſt and ſecond diſtances, Whoſe 
difference is but ſmall, as at the ſecond and third, 
whoſe difference is infinite. For let BCD-E be 
the axis of the eye infinitely produced; BC, 
BD, BE, the three diſtances of the object from 
the. comea AB ; and CA, DA, EA, three rays 


Kalling upon any given point of the cornea ; 


Fig, 3+ 


whereof EA is parallel to the axis. +l 4 
9. Now to-procuredittinR viſion of the points 
C, D, E; it 1s plain. that every one of the rays 
C4, DA, EA muſt be ſucceſſively refracted to 
the ſame point F the retina, where it is cut 
by, the eye's axis; At firit let us ſuppoſe the point 
Fto be given, or the length of the axis BF to be 
immutable ; and then the quantity, of the re- 
fraction of each ray muſt be varied. And becauſe 
the diſtance CD is ſuppoſed equal to C or CA. 
the angle CD is equal to CDA and conſe- 
quently. to DA. Therefore conceiving each 
oy to come back again from the. fixt point F, to 
points C, D, E fuceeſhyely ;. the whole quan- 
tity of its refraftions mult 
= CAD, and then by the equal angle DAE; 
d ſo. the changes of the figures of the reſtact- 
ing ſurfaces muſt be much the ſame when the 
object is removed from. C to. D, as when it is 
removed. from D to E. . | 
10. Secondly, let all the refracling ſurfaces be 
ſuppoſed to keep their figures immutably ; and 
tet Fbe their principal focus, that is, of rays fal- 
ling parallel upon the cornea . after reſraction 
through them all; and likewiſe G their other 
principal focus, that is, of rays falling parallel 
upon the backſide of the chryſtalline and refract 


Nl through them all. I find by computation 
that BE 1s but 5 or 6 teathy of an inch, and 


be leſſened by the 


ART. 42, 48, 60, 85. Book 1. 


Upon Chapter 2. Concerning Glaſſes. 


vex glaſſes, and towards it in concaves, the &c. 
See the end of that article, 


Upon Aar. 60. 


7. Read the title of this article thus. Small 
angles ſubtended by the ſame perpendicular, are 
reciprocally as its diſtances from the angular 
Points. : 


the eye and manner of viſion. 


therefore if we make GC equal to C D, reckon 
the diitances of the object from G inftead of B, 
the preſent caſe will not be much different from 
the former” Now let a pencil flowing from C 
be refracted towards c, and another from D to- 
wards d ; and by art. 373 we have Fc recipro- 
cally as GC 3 (as if the refractions were only 
made through a lens z) that is, Fe: Fd:: GD: 
GC::2: 13 that is, the variations cd and 4F 
of the places of the retina are equal to each other 
while the diſtance GC varies from ſingle to dou- 
ble and then to infinite, | 

11. Laſtly if we ſuppoſe diſtin viſion to te 
ſucceſſively by a variation-partly of the 
place of the retina, and partly of the figures of 
the refracting ſurfaces, it is eaſy to apprehend 
that the variations of all theſe parts taken, toge- 
ther muſt ſtill be equal in both the cafes above- 
mentioned. As to! 
the eryſtalline may approach towards the cornea 
for ſeeing near objetts diſtinctly; I formerly com- 
zuted,. from ſuch meafures of the eye as T then 

4, that if che cryſtalline could move fo far as 
to touch the cornea, even this motion would be 


too little for the parpoſe afraid. But even this 
ce 


is obſtructed by t ea, which lyes much near- 
er to the cryſtalline than to the cornea, aecord- 
ing to M. Petit; who finds alſo that the ſurface 
of the uvea in human eyes, is not ſpherical but 
plane. See Mem. de l' Atad. 17 28. p. 206. 4to. 
12. Hence if ſhort ſighted perſons can read a 
ſmall print diſtinetly at de different diſtances, 
whereof the Hrger is but double the leſſer, which 
I believe moff of them can do; it follows that 
as great alterations of figure 
eyes as in perfect eyes, that can ſee diſtinctly at 
all intermediate diſtances between infinity and 
the larger of thoſe two. And this is the reaſon 
that a ſhort ſighted perſon can ſee diſtinctly at 
all diſtances with one ſingle concave of a proper 
figure ; Which otherwiſe muſt have been diffe- 
rently figured for different diſtanees. 
13. It follows. then that the cauſe of ſhort 
ifs, is not à warit'of power to vary the 
Sure of the eye, and the quantity 1 


a Att. 240 


r. Hagen opinion that 


res are made in their 


Di Penber- 14. The ingenious and learned Dr. Pemberton inches. But experience ſhews the contrary : for 
ton's opi= upon taking his 1 * at Leyden has printed a it 18 double like two diſtin& ſpots, 4, e; Fig. ;- 
nion upon diſſertation upon this ſubjeft ; and in dedi- whole interval de is ſo much the greater as the 


CHAP: 3» 
but. that this whole quantity is always too great 
for the diſtance of the retina from the cornea. 


theſe varia» cation of it to Dr. Mead, has declared his opi- 
tions in the nion to be this. That the cryſtalline changes its 


Then let a ſmall black ſpot c upon a white pa- 
per, be viewed through them: and if the expe- 
rimenter be ſhort ſighted, let the paper be placed. 


at ſuch a diſtance from his eye, as he uſually ſees 
an object at with moſt diſtinctneſs and moſt eaſe, 


as ſuppoſe at the diſtance-of ſix inches; and in 


looking through the holes the ſpot will appear 


diſtin&t and ſingle. Then let the paper be re- 
moved to a greater diſtance, ſuppoſe of ten inches, 
ſuch as that the, ſame eye may be able to ſee 
an object without any apparent indiſtinctneſs. 
Then let the ſpot be attentively viewed by the 
naked eye, in order to make ſuch a change in 
its conformation, as is uſually ſuppoſed neceſſary 
to ſee an object diſtinctly at ſuch an increaſed 
diſtance. Now, the eye being ſuppoſed to have 
taken the neceſſary conformation for ſeeing that 


ſpot diſtinctly at that diſtance, it may in conſe- 


quence of this ſuppoſition be expected, that upon 
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through the two holes, the ſpot ſhould a r 
ſingle, as it did at the former diſtance of fix 


diſtance of the paper from the eye 1s greater, as 


in fig. 7 
17. If the experimenter be long ſighted, let 


* 
** 


ther they fall upon it in two diſtinct points. g, , 
which accaſion the double appearance at d and 
e. For if the holes be moved upwards, the upper 


ſpot firſt diſappears at 4; becauſe the upper ray 
2 firſt miſſes the pupil. And when the paper 


is brought nearer, as in fig. 7, the rays ca, eb. di- 
verge more than before, and therefore tend to 


reunite in the 


int F/ behſad the retina, upon 


which they fall in two diſtinct points g, &, which 


occaſion the double appearance at 4 and e. For 


if the holes be moved upwards, the under ſpot 


firſt 5 at 4, becauſe the upper ray cc 


firſt miſles the pupil. 


19. We come now to conſider the conſequence 


which Mr. de la Hire draws from theſe experi- 
ments. His argument runs thus. It is common- - 
| ly believed, that an eye which- is ſo formed, as 
naturally to unite the rays upon the retina, when 

Jifſance, can make ſuch. "4 


the object is at ſix inches di 


eye. figure in ſuch a manner, that as one ſurface be- 
comes rounder, the other becomes flatter ; but the paper, likewiſe, be firſt placed at ſuch a di- 
which of the two ſurfaces becomes rounder for ſtance from the eye, as he uſually ſecs an object Fig. C 
viewing near objects, and then flatter for re- at with moſt diſtinctneſs and moſt eaſe, as ſup- 
mote ones, he ſays, he had not then diſcovered. ou at the diſtance of fifteen inches; and in 
But I could never ſatisfy my ſelf of the certainty: ing through the holes the ſpot will appear 
of the phænomenon he builds upon. For though diſtinct and ſingle. Then let the paper be brought 
the experiment was carefully made in the man- nearer, ſuppoſe to the diſtance- of foven inches, 
ner he directs, both by my ſelf and one or two at which diſtance the ſame eye is able to ſee the 
of my friends, yet none of us met with the ex- object without any apparent indiſtinctneſs. And 
ed ſucceſs. Poſſibly I might have repeated let the ſpot be viewed attentively by the naked 
It again, had I not fince been appriſed that the eye, in order to make ſuch a change in its con- 
Doctor's concluſion could not ſtand good, al- formation, as is commonly: ſuppoſed neceſſary irr - 
though the experiment were to ſucceed ever ſo order to ſee an object diſtinct upon ſo-leſſen- 
well; inaſmuch as the whole tenour of his rea- ing the diſtance. Now, the eye being ſuppoſed. 
ſoning depends upon this fundamental ſuppoſi- to have taken the neceſſary conformation fr ſee- 
tion: viz, That in viewing an indiſtinct object ing the ſpot 3 at that diſtance, it may, in 
the pupil of the eye is always contracted to the conſequence of this ſuppoſition, be expected, that 
leaſt ſize of which it is capable. For the contrac- upon clapping the card before the eye and look - 
tion of the pupil does not depend upon the in- ing through the two holes, the ſpot ſhould ap- 
diſtinctneſs of the object only, but alſo upon the r ſingle, as it did at the former diſtance ob... 
degree of light. fteen inches. But experience ſhews the con - 
Mr. de l 15. Mr, de la Hire is the only writer I have trary : for it appears double like two diſtin& 
Hire's, opi- ever ſeen wha maintains, that for viewing ob- ſpots, d, e, whole interval de is ſo much the 
nion. jects diſtinctly at different diſtances from us, no greater as the diſtance of the paper from the eye 
Diſſetta- variations are ever made in any ot of the eye is leſs, as in fig. 7. | 
. except in the ſize of the pupil. The experiment 18. Now the ſpot. appears ſingle in the ſirſt 
e e he builds his concluſion upon may be made in caſe of each of theſe to experiments, becauſe the 
de la vüe the following manner, rays ca, ch, fig. 4 and 6, are united at a fingle- : 
Mem. a 16. Let two very ſmall holes, a, 4, be made point F exactly upon the retina. But when the 
Pariſ. with a pin in a card or in paper, ſo near to each paper is remoter, fig. 5, ca and cb diverge leſs 1 
1694. other, that being held cloſe to the eye, the rays than before, and therefore are reunited at F before 1 
Fig. 44. that come through both, may enter the pupil. they arrive at the retina ; then croſſing each o- 1 


clapping the. card before the eye and locking a change in its. conformation as ſtill to unite -- 


A2 


1 


Rem. 
16. 
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them exactly upon the retina, when the object 
is removed to a greater diſtance, as that of ten 


inches. If this opinion were true, the eye of the 
obſerver in the ſecond caſe of the firſt experi- 
ment *®, muſt have made ſuch a change in its con- 
formation. But-the experiment ſhews that this 
eye was not in ſuch a cenformation as to unite 
the rays exactly upon the retina ; for upon clap- 
ping the card before it, the appearance was of 
two diſtin& ſpots, not of one . as it ought 
to have been, if the eye had had the ſuppoled 
conformation. And juſt after the ſame manner 
he reaſons upon the Gout experiment. 

20, In order to make this reaſoning conclu- 
five, Mr. de la Hire ought to have proved, that 
whatever conformation the eye had, in view- 
ing the ſpot without the holes, the ſame con- 
rmation muſt neceſſarily have continued, when 
the ſpot was ſeen through the holes. 

21. But we take the contrary to be highly 
PR For when the ſpot was viewed at the 

iſtance of fix inches, the eye was then in its 
natural conformation. It received the rays in the 
fame manner as an artificial 'eye of the ſame. di- 
menſions might have done, without any the 
leaſt ſtrain, zi/us or endeavour. But when the 
ſpot was viewed at the diſtance of ten inches, 
it muſt at the firſt inſtant have appeared indiſtinct, 
and in order to remedy that indiftin&nefs, the 
eye may be ſuppoſed to have exerted ſome force 
in order to change its conformation ſo as to ſuit 
it. ſelf to that diſtance. If ſo; this forced confor- 


mation will continue while the occaſion remains, 


and no-longer. While the eye is viewing the ob- 
ject at ten inches diſtance, if it happens in the 
leaſt to relax and unbend it ſelf, a fake of indi- 
ſtinaneſs will immediately begin to ariſe, which 
will ſerve as a monitor to return exactly to the 
neceſſary conformation z but the moment the 
eye ceaſes to view the object at that diſtance, it 
will probably depart from this forced conforma- 
tion, and return to its natural conformation ſuit- 
ed to the object at ſix inches diftance, Therefore 
when the card is clapped before the eye, as it 
muſt neceſſarily then loſe fight of the ſpot, be- 


| fore it comes to ſee the ſpot through the two 


holes, it may then probably depart from the 
forced conformation, and return to its natural 
ſtate, or near it; the conſequence of which is, 
that the rays will not now unite upon the retina, 
but will therefore exhibit the appearance of two 
ſpots. 

22. I might here obſerve that Mr. de /a Hire 
himſelf muſt neeeſſarily admit one alteration in 


the eye at this inſtant of time, namely the dila- 


tation of the pupil, Why then may not the con- 
Jormation of the coats and humours. as well be 


Hiſtory of ſuppoſed to change at the ſame time. 


che cauſes 


Upon Ax r. 87. 
23. Great diſputes have been among the an- 


BOOK T: 
cient philoſophers, whether viſion be cauſed | 
reception of rays into the eye, or by emiſſion 
them from the eye to the object. At laſt the lat- 
ter opinion was generally received and follow- 
ed by Euchd, Ptolemy, Alhazen and other an- 


cient opticiàns; who thought, it more agreeable - 


to nature that certain Emanations, by them call- 
ed viſual rays, ſhould flow from an animate ſub- 


ſtance to an inanimate one, rather than on the con- 


tary. 

24. J. Bafptifia Porte is ſaid to be the fitſt 
att 2 pictures of external objecta 
that appear upon the wall of a dark room, and. 
are made by rays coming through a ſmall hole in, 
the oppoſite wall. This he deſcribes at large in, 
his book de Magia Natural: printed in 1560, 
and ſhews by what methods the diſtinctneſs of 
theſe, pictures may be promoted: and then con- 
cludes that he had not only decided the grand. 
diſpute about the reception and emiſſion of cays,. 
but had alſo found out the true cauſe of vihon., 
For, ſays he, the image is let in through the E 
Bil and is painted upon the ſurface. of the cryſtal-, 
ine humour, which anſwers to the wall in the dark, 
room, as the pupil does to the hole in the win- 
dow - ſhutter. And here he followed the opinion 
of FVitellia and others, who imagined we began 
to perceive, when the cryſtalline was enlighten- 
ed, but that the perception was not compleat till 
it was propagated from thence and united as it 
were in the optick nerve; that viſion was then 
diſtinct when the rays fell perpendicularly upon 
the cryſtalline ; and ak a 
collateral objects, they fell obliquely upon it. 


25, Theſe were the received notions about 
viſion till about the year 1600, when Kepler made 
the grand diſcovery®, and ſhewed by his geome- 
try in what manner the rays were refracted 


diſtin& picture upon the retina; in like manner 
as pictures are formed by a glaſs globe full of 
water. He alſo diſcovered the conſtitution of 
defective eyes; that is, how the pictures became 
confuſed,. and ſhewed in what manner they were 
rendered diſtinct by (| Ing" and concave glaſſes, 
whoſe effects had been ſo much admired for 
two or three hundred years, and had ſo long 
perplexed. the greateſt wits to account for them. 


when coming from. 


fparalipo- 
me na ad Vis 


through all the humours of the eye, and formed a tellionem. 


26. The vulgar account of objects appearing Inverted 


erect notwithſtanding the inverſion of the pictures pictures in 
upon the retina, is alſo Kepler's ; who tells us the eye cos · 


that the mind perceiving an impulſe of the ray 
Pp (in FI. 153) on the lower part of the re- 
tina, conſiders this ray as directed from an high; 
er point of the object; and likewiſe perceives the 
impulſe of the ray Rr upon the higher part of 
the retina, to be directed from the lower part 
of the object. De, Cartes illuſtrates this ſolu; 


tion, by conceiving a blind man to hold in 


red, 


- 4 
= %. 


pots in the 
eyes. 


ol 
-- i. 8 


A Att. 181. 


ſhadows of the little ſands, veins 


#- *, ; J 


cn AP. 3. 


his hands two ſticks croſſing each other, and to 
puſh the top and bottom of an upright object, 
with their extremities ; and obſerves that this 
man will judge that to be the upper of the 
object, which he puſhes with the ſtick held in 
the lower hand, and that to be the lower 

of the object which he touches with the ſtick in 
his upper hand. But we ſhall ſhew hereafter that 
all this is quite foreign to the purpoſe. 

27. People in growing old, are often troubled 
with the appearance of dark, irregular ſpots con- 
tinually flying before their eyes, like flies; eſpe- 
cially in looking at bright objects, ſuch as white 
paper or the ſky-light. M. de /a Hire's account 
7 is this. They are of two ſorts, ſome per- 
manent, which in fixing the eye upon a point 
of an object, appear always fixt in the ſame fi- 
tuation to that point; others ſeem to fly about, and 
to change their ſituation though the eye be fixt. 
The ſhapes of both ſorts are changeable ; the 
firſt ſort are commonly like a dark ſpot upon a 
white ground, the ſecond ſort appear like the 
knots of a deal board ; ſome parts of them being 
very clear and ſurrounded with dark threads ; 
they are alſo attended with long fillets of irregu- 
lar ſhapes, which are bright in the middle and 
terminated on each fide by parallel black threads. 
Sometimes after ſhaking the head ſuddenly and 
fixing the eye upon an object, they appear to 
deſcend —_ 7 2 

28. The ſpots that appear in to 
the axis of 6 oth for that reaſon muſt . 
ſed by ſome diſorder in a correſponding fixt 
of the retina, or in ſome part of the vitreous hu- 
mour lying pretty cloſe to the retina. For an 
opacity»of the coats or humors in any part re- 
moter from the retina, by intercepting ſome 
part of the rays of every pencil, could only cauſe 
an uniform obſcurity or taintneſs of light in eve- 
ry place of the retina, and not a total defect of 
it in any parti place . An inſtance of this 
kind may be ſeen in the Phil. Tranſ. N.. 384, 
of a woman who in looking with the left ey: 
only, at three ſhort words in print, could ſee * 
extreams but not the middlemoſt; and in look - 
ing with the right eye only, at the. middle be- 
tween four ſhort words, could ſee but three of 
them; one of the two middlemoſt being covered 
by a dark round ſpot ; but in looking with both 
eyes ſhe could fee them all. n 

29. M. de la Hire attributes the cauſe of theſe 
ee {pots to ſmall drops of extravaſated 

lood upon. the retina. But he finds it more dif- 
ficult to account for the volatile ſpots. When the 
rays of the ſun are tranſmitted through a piece 
of bad glaſs, and fall upon white paper, the 
irregulari- 
ties in it, appear not unlike theſe ſpots. He there- 
fore imagines the aqueous humor is ſometimes 


troubled with ſome little mothery, ropy ſub- 
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ſtance; r of which, by the figures of 
their little ſurfaces or by refractive powers, diffe- 
rent from the humor it ſelf, may caſt their di- 
ſtinct images upon the retina He * them 
in the aqueous humor rather than the vitreous, 
becauſe of its greater fluidity for a freedom of 
deſcent, and becauſe they will then appear to 
deſcend ; as being ſituated before the pupil or at 
leaſt before the place of interſection of the pen- 
cils. But if this heterogeneous mother be in the 
vitreous humor, it muſt be lighter than this hu- 
mor, ſo that after a ſudden e of the head, 
it may firſt deſcend a little, and then aſcend 
gradually, to cauſe the gradual apparent deſcent 
abovementioned, 'Theſe ſpots are obſerved to 
change their figures, ſometimes in two or three 
hours, at other times not in two or three days; 
and to appear more numerous at one time 

another, From de la Hire's difftrens accidens de la 
Vit 


30. It ſometimes happens that the comea 


Opacity of - 


grows opake 3 which I am told may be cured by the cornea. 


glaſs ground to an impalpable powder and blown 
every day into the eye ; provided. the opacity 
does not quite go through the. thickneſs of the 


COrnea. 


31. An opacity of the cryſtalline is called a Opacity of 
Cataract and is co by couching ; that is by tbe cryſtal- 


piercing the ſide of the cornea with a 
and by forcing the cryſtalline out of its place in- 
to 004 Bop 85 the eye. And then the patient * 
obliged to uſe a very convex. glaſs, to ſupp 

the want of the cryſtalline. | 4 


ſharp needle line. 


32. Monſt. L' Abbe Mariette is the author part of the 


of a curious 


iment, ſhewing that any ob- tetina in- 


ject, whoſe picture falls upon the. baſe of the ſenſible of 
optick nerve, where it enters the bottom of the ligh® _. 


eye, is not perceived while the other eye is ſhut. 


He. deſcxibes this experiment in a letter to M. 
« Having often obſerved b phil. 


Piquet, as follows b. 
in Aiſle 


iſſections of men as well as brutes, that the Tranſ. No 


optick nerve does never anſwer juſt to the mid 35+ 


e of the bottom of the eye, that is to the place 
vrhere the picture of the objects we look directly 
upon is made; and that in man it is ſomewhat 
higher and on the fide towards the noſe ; to make 
therefore the rays of an object to fall 2 
optick nerve of my eye, and to to find the con- 
ſequence thereof, I made this experiment. 

33: I faſtened on an obſcure wall, about the 
height of my eye, a ſmall round to ſerve 
me for a fixt point of viſion ; and Fitened ſuch 


another on the ſide thereof towards my right 


hand, at the diſtance of about two feet, but 
ſomewhat lower than the firſt, to the end that 
it might ſtrike the optick nerve of my right eye, 
while I kept my left ſhut. Then I placed my 
ſelf over againſt the firſt paper, and drew back 
by little and little, keeping my right eye fixt 
and very ſteady upon the ſame ; and being about 


— nt ye Rn 
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ten feet diſtant, the ſecond paper totally diſap- 


34. That this cannot be imputed to the ob- 
lique poſition of: the ſecond paper to my eye, is 
hence evident, that I can ſee other objects far- 
ther extant on the ſide of it. So that one would 
believe the ſecond paper was taken away by a 
{light, if-one .did' not ſoon find it again by the 
leaſt ſlirring of ones eye. This experiment I 
made often, varying it by different diſtances, and 
by removing or approaching the papers one to 
another rtionably. I made it alſo with my 
left eye by eeping my right ſhut, the ſecond 
per being faſtened on the left fide of my point 

of viſion. So that by the ſituation of the parts of 
the eye, it cannot be doubted but that de- 
ſect of viſion is upon the optick nei ve; and the 
ſame experiment ſucceeds in other perſons 
though not exactly at the ſame diſtances. 

35. This experiment hath given me cauſe to 
doubt, whether viſion be indeed performed in 
the retina, (as is the common opinion,) or ra- 
ther in that other membrane, which at the bot 
tom of the eye is ſeen th:ough the retina and is 
cilled the Choroides. For if viſion were made in 
the retina, it ſeems that then it ſhould be made 
wherever the retina is; and ſince the retina co- 
vers the Whole nerve, as well as the reſt of the 
bottom of the eye, there appears no reaſon to me, 
-why there ſhould be no viſion in the place of the 
optick nerve where it is. On the contrary if it 
be in the choroides that viſion is made, it ſeems 
.evident that the reaſon why there is none in the 
nerve, is that the choroides parts from the edges 
of it, and covers not the. middle thereof, as it 

does the reſt of the bottom of the eye. 

36. Pique?'s objections to this inference are 
ſpecified in Mariortes reply“, from which I 


Tranſ. N. have extracted what follows. © You fay in your 


EY 


firſt objection that if the ſclerotis and choroides 
be taken away from a freſh- eye, and the retina 
be leſt diftended on the vitreous humor, one 
ſhall not be able to ſee well through this mem- 
brate; whence you conclude it is not tranſpa- 
rent enough to Jet ſo much light paſs upon the 
<chotoides as is ſufficient for vihon. In my opi- 
nion there is reaſon to doubt of this conſequence. 
There being . difference between the xc- 


tina of a dead a and a living one. Different 
diſpoſitions the qualities of things. Fat, 
Which is when melted, grows opake 
when cold. tunica cornea of an eye being 
eld ſomg hours in ones hand, in a hot air grows 


chick and a little after opacous. Take the eye of 
an oc new killed, while it is hot, and cut it in 
two, in ſuch manner that a good part of the 
vitreous humor may remain extended upon the 
etina ; ithen you Wall fee diſtinAly che colours 
cof the thoroides, the baſe of the optick nerve, 


che trunk of the little veſſels that proceed from 


thence, and their diſpoſition through the thick- 
neſs of the retina ; with ſo much perſpecuity 
that you cannot even diſcern whether there be 2 
retina beyond the vitreous humor or no. The 
tranſparency of the retina will alſo be evident 
by this other experiment. Place by night a light- 
ed candle near your eyes, and cauſe a dog, di- 
ſtant from the candle 8 or 10 paces, to look u 

on you; then you ſhall ſee in his eyes a light 
ſufhciently bright. Which I hold to proceed 
from the refle&ion of the candle ; whoſe image 
is painted on the choroides of the dog; which 
having much whiteneſs and luſtre, cauſes this 
ſtrong reflection. For if it proceeded from the 
eryſtalline or the retina [or the far ſurface of the 
vitreous] the ſame appearance would be ſeen in 
the eyes of men, birds and other animals, who 
have the choroides black ; which is not found 
ſo by us. It is therefore manifeſt by this experi- 
.ment that the rays do with much force as 
far as the choroides. The like experiment may 
be made with cats, in whoſe eyes this light ap- 
pears blueiſh, which ſhews that it proceedeth 
from their choroides which hath much of this 


colour. But this colour or any other, which 


may be in the choroides, brings no confuſion to 
the ſenſe of ſeeing. For the ſenſes receive no 
impreſſion from their own organs. 

37. Black bodies grow hotter in the ſun and 
take fire ſooner than white 'ones ; and there- 
fore the light acts more upon them. And this is 
the cauſe why men and birds ſee better and more 
diſtin ly than moſt other animals. For their 
choroides being black and by conſequence ve 
ſenſible of light, they contract much their pup! 
or ſight-hole of the eye, which makes the rays 
which = there from each point of the object, 
to be all very near the axis of the cryſtalline and 
to reunite more exactly in a 


int , than in the a Att. 7, 


eyes of moſt other animals which have their cho—- 


roides white towards the axis of the eye and by 


conſequence leſs ſenſible of light: who in recom- 
pence can very much dilate the pupil of their 
when they ſtand in need of a great light. 
at then their fight is not ſo diſtin, becauſe 
the rays which fall towards the edges of the cry- 
ſtalline, do interſect the axis too near the cry- 
ſtalline in their refractions v. 
238. I is rue that to ſupply this deſect in ſome 
ſort, they have a little cryſtalline in the middle 
of the great one ; and this little cryſtalline being 
of a more ſpiſs eonſiſtence than great one, 


* 
— 


* 


b Att. 73» 


its refration is alſv more ſtrong ©; and makes c acc. f. 


the rays, which come from a ſingle point in the 
axis produced, and paſs near the center of the 
cryſtalline, to be more refrafted than if there 
had been but one cryſtalline ; and brings their 
interſections with the axis nearer to the inter- 
ſections of the rays that fell more remote 

39. -Fiſhes alſo have a double — 


d Act. 71. 


© Att. 90. 


CHAP: 3. 


otherwiſe their ſight would be more confuſed 
than that of other animals who live in the air. 
For their cryſtalline being ſpherical, if it was 
homogeneal, the rays of a pencil would cut the 
axis in'points at greater diſtances from one ano- 
ther, than if it had been lenticular, and its con- 
vexities were of greater ſpheres. 

40. I come now to a more particular 7 
the want of viſion on the baſe of the optick nerve. 
It is agreed that in this experiment moſt men 
loſe ſight of an entire circle of white paper, 
whoſe diameter is about the gth or 10th of 
its diſtance from the eye. Now the viſual trian- 
gle whoſe baſe is the diameter of this circle and 
vertex is near the center of the eye, is nearly 


milar to the triangle, whoſe baſe is the diame- 


ter of the picture of that circle upon the retina 


and vertex the fame center, where the cxtream 
rays interſect each other: the which center be- 
ing 6 or 7 lines from the baſis of the optick 
nerve, whoſe breadth is about 2 of a line, this 
baſis will alſo be about the gth or 10th part of 
its diſtance from the ſaid center in the eye. And 
ſo the picture of the white paper will preciſe! 
cover the baſe of the optick nerve: and becauſe 
the paper then wholly diſappears, it follows that 
the of the _ nerve is inſenſible of light. 
Whence I conclude more accurately than be- 
fore, that the choroides is the principal organ of 
fight, and that the retina is not; ſeeing the re- 
tina is placed in that baſis, and is there apparent- 
diſpoſed in like manner as the reſt of it upon 
bottom of the eye. 5 | 
41. You alledge that the trunks of the veſſels 
which from the baſis of the nerve, may 
be the cauſe of this defe& of fight. Yet you can- 
not deny but that they are very ſmall ; and that 
it is very hard to diſcern the little holes through 
which they paſs, when the nerve is cut off above 
its inſertion into the eye. Now becauſe they come 
out of the baſis by two diſtinct little holes, the 
diameter of each of which does not take up a- 
bove an eigth part of the diameter of the baſis, 
it follows, if the reſt of the bafis was ſenſible of 
light, that we ſhould not loſe fight of a paper 
of 2 inches diameter at moſt, at 10 feet diftance ; 
and ſometimes in fixing one eye upon a little 
piece of paper, two other veryylittle ones, ſepa- 
rated one from the other, would diſappear; which 
is contrary to experience: for the default of vi- 
ſion is continued. ö | 
_— To confirm my opinion the more, I will 
ſome other obſervations. The firſt is that 
the pupil dilates it ſelf in the ſhade and contracts 
in a great light: and it is hard to account for 
this unvoluntary motion, but by the 1 9 
that the choroides is ſenſible of light. For then 
it is eaſy to conceive that being hurt by too much 


light, it may dilate or contract its fibres, which 


have one continuity with thoſe of the -fore part 


of the uvea: and thus it can contract its aperture; 
and when. it is not hurt, relax it again. Whereas 
if the retina be ſuppoſed the organ of ſight, it 
will be very difficult to explain how this con- 
traction is made. The author's other arguments 
2 meraetoamaadie Frag. ind 


43- So far Mr. Mariette ; whoſe experiment 
I have tryed in a chamber from which all ſenſible 
light was excluded, except what came into it 
through a key-hole ; and this alſo diſappeared 
totally when it fell upon the baſe of the optick 
nerve z which ſhews it to be totally inſenſible of 
light, Yet in looking at objects of an uniſorm co- 
lour with one eye, we are not ſenſible of any ſuch 
deſect or dark round ſpot, as the woman was, 
whom I mentioned in the 28th remark. This 
defect of ſenſation having been conſtantly ſup- 
plyed by the other eye, is now ſupplyed by the 
imagination only. 

44 M. Picard has deviſed a way by which 
an obj 


ett is loſt keeping both eyes open *.*<Faſten a Phil, _ 
againſt a wall a round white paper of the big - TrauL N. 


neſs of an inch or two ; and on the ſides of this 35» 


paper put two marks, one on the right, the other 
on the left ſide, each about two feet diſtant from 
the paper, and ſomewhat higher. Then place 
your ſelf directly before the paper at the diſtance 
of nine or ten feet, and put the end of your fin- 
. over againſt both your eyes, ſo that it 

ide from the right eye the left mark, and from 
the left eye the right mark. If you remain firm 
in that poſture, and look ſteadily with both _ 
on the end of your finger, the paper which is 
not at all covered thereby, will totally diſappear. 
Which is the more ſurpriſing, becauſe without 
this particular encounter of the optick nerves, 
where no viſion is made, the paper will appear 
double ; as you will find when the finger is not 
rightly placed. See FI. 190. 


45. As to the diſpute whether the retina or The 
the choroide be the principal organ of ſight. I adjuſted. 


will ſubjoin a remark taken from M. de la Hire's 
diſſertation abovementioned. « To clear up this 
difficulty in ſome meaſure , we muſt conſider 
what relates to our other organs of ſenſe; and I 
think by this compariſon it will be evident e- 
nough, that the retina is the principal organ of 
fight, although à certain part of it be not ſuſc 
tible of immediate impreſſions from outward o 
jects. I ſay then the retina is the principal organ 
ofſight, as being an expanſion of the optick nerve: 
becauſe we muſt not ſeek for ſenſations any 
where elſe but in the nerves. But yet this organ 
may receive the impreſſions of light from an in- 
termediate organ, which receives them imme- 
diately from the object it ſelf. For this is the 
caſe of the organs of our other ſenſes. Whence it 
is evident that this intermediate organ is the 
choroide, .. 
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tina eyery where but at the baſe of the nerve 3 
and being of a dark colour it is more capable of 
being agitated by the impreſſions of light, than 
if ĩt was white or tranſparent. Nature acts in the 
ſame manner in the organ of hearing. For the 
labyrinth has a proper diſpoſition to receive the 
tremblings of the air, and to communicate them 
to the ramifications of the auditory nerve ex- 
panded within it. The cafe is the ſame in the 
other ſenſes, as M. du Yerney has obſerved in the 
96th page de organe de I o, The conſtitu- 
tion of the nerves is too tender and delicate to be 
expoſed to the naked impreſſions of external bo- 
dies ; and therefore the coats of the nerves re- 
cei ve theſe impreſſions, and communicate them 
to the nerves — in a proper manner ſor 
exciting ſenſations. a 

46. This Author accounts for thoſe beams of 
light which appear to ſhoot upwards and down- 
wards from a lighted candle, as follows. 'The 
circumſtances of them are theſe : while you look 
at the candle if you bend your head downwards, 


you wilt only ſee the upper beams, and in lift- 


ing your head upwards you will only ſee the 
oy and to fee both ay Meer un- 
der beams at onee, you muſt hold your head 
upright and almoſt cloſe your eyc-lids. To ſhew 
the cauſe of theſe appearances, it is to be ob- 
ſerved that the eye is always moiſtened with a 
tenaceous ſort of water, which is gathered more 
plentifully to the edges of the eye-lids than any 
where elſe, becauſe they rub the cornea. This 
water ſticking to each eye-lid, is there formed 
inte a concave ſurface, like that of water adjoin- 
ing to the ſides of a drinking glaſs: and then 
the rays which flow from the candle B, in paſ- 
fing through this concave at the upper eye-lid H, 
— 8 the head is — wry is 
w the u margine o pi} are there 
refracted — gh from the — towards the 
thicker part of the water ; and therefore in en- 
tering the pupil they diverge from one another d, 
and fall upon the upper of the retina, as it 
they had come from a long beam B N below the 
candle B. But if the head be bowed too low, 
the projection of the upper eye-lid and eye-laſh, 
may hinder the rays from falling upon this wa- 
ery furface ; and then the beam will diſappear, 
though. the candle may Kill be viſible, by ra 
paſſing as uſual through the lower part of 
pages 3 Whick is alſo agrecable to experience. 
In this poſition of. the head no beam can a 
above the candle, becauſe the lower eye-lid I is 
below the pupil. 

. But when the head is lifted up, the eye 
being; fixt upon. the. candle, the under eye-lid is 
alſo. lifted above the lower margine of the pu- 
pil; and then the rays which paſs through this 
watery concave at 7 are bent downwards and are 


diuected through the pupil towards the lower 


part of the retina; and'cauſe the appearance of 
4 above the candle. But no beam can ap- 
pear below it becauſe the upper eye · lid is now 
above the pupil. 

8. Therefore holding the head upright, and 
cloling the eye-lids till their interval be leſs than 
the diameter of the pupil, it is plain that the 
beams will ſhoot both upwards and downwards. 
And theſe explications are confirmed by inter- 
cepting the rays that fall upon theſe watery con- 
caves at H or 1, with any obſtacle P held cloſe 
to the eye. For when the beam B N appears be- 
low the candle if the obſtacle be raiſed gradually 
from below towards the pupil, it will have no 
effect; but if from above the obſtacle be 
brought downwards, the beam below the candle 
will diſappear before the candle it ſelf does. 

49. Though M. Rohault's ſentiments 


upon 
this ſubject cannot be ſupported e, yet I do not — gel 
ected from the thick- , 


Parr, 1. 


neſs of the eye-lids into the pupil, in ſome poſi- Chap. ;. 


deny but ſome rays are 


tions of the eye and candle: but theſe rays cauſe 
a different appearance from what I have been 


ſpeaking of. As ſoon as I had invented this ſo- 
lution I intended to have printed it, but I found 
ſoon after that M. Briggs an Engliſh phyſician, 
had in general given ſame ſolution in his 
Opthalmography. So far de la Hire. 

50. The 
have explained theſe appea 
been very juſt, had the extremitics of theſe beams 
Kuna coloured. But ſince they do not, | they 
cannot be cauſed by ſuch great refractions d, thou 


downwards at the edges of the upper and under 
eye; lid, when over againſt the pupil. 


Upon Ax r. 88, 89. 


1. In order to determine the 8 | glaſ- Glaſſes for 
l Fechguted and — 


diſtinR viſion, or the diſtances! of thoſe places Nined- 


ſes for deſective eyes, the limits o 


from the eye, ere an object begins to a 
confuſed, may be found by meaſuring the leaſt 
diſtance from which a long-ſighted perſon can 
fee a pretty large print diſtinctly and read it 
readily : and likewiſe by meaſuring the greateſt 
and the leaſt diſtances, from which a ſhort-ſight- 
2 can i a ſmall print diſtinctly and 
read it readily ® or ſtill more exactly by placing 
the end of a long ruler cloſe to the eye, or ra- 
ther a little under it, and by obſerving the great 
eſt and leaſt diſtances „Ne- the lines drawn 
lengthways along the , begin to · a con- 
fuſed. I ſhall call thoſe glaſſes the — — for 
defective eyes, which are the leaſt concave or the 
leaſt convex of any that will anſwer the 

of diſtinct viſion ; for a reaſon to be mentioned 
hereaſter. f 


52. Let Eg be the leaſt diſtance from which Fs 5 


any ſmall objects appear diſtin& to A 


e manner in which theſe gentlemen Their tme 
rances, would have cauſe. 


d Art. 172. 
they may by inflections of the rays upwards and e Att. 18. 


enar. 3. REMARKS uro AR r. 38, 89. ER: 
1ong-ſighted; perſon 3 and E D the leaſt diftanee |, that one glab whoſe focal diftance is EEE 


W Art. 239+ 


from Which he wants to ſee them diſtinQly. 
Towards q take QF to E asQF to Ng, and 
EF will be the focal diſtance of a convex lens, 
which being put cloſe to his eye, will make him 
ſee an object diſtinctly at an pee between 2 
and F, and poſſibly beyond F. For the rays that 
flow from will emerge from the glaſs and 
will enter the eye as if they had come directly 


from g, to the naked eye; and rr Q. e 
m 


recede from the eye, 9 will alſo recede 

to infinity through places where the naked eye 
can fee diftinely. And therefore the. refrafted 
rays, diverging as from theſe places, will alſo 


produce diſtinct viſion of the object C as far as 
to F; and ſtill farther if the perſon can ſee di- 


| Ano converging rays. 
LL 2E 


beg, 11, 


de limits of 


refore if he wants to ſee diſlinctiy 


from no leſs a diſtance than half Eg, that is, on- 
ly as near again as with his naked a CONVEX 
lens whoſe focal diſtance is Eq will be jhe pro- 
XT and will make him ſee an object diſtinct- 
at any diſtance not leſs than balf E 4. For 
ling 294 and Q to be equal, the point F 

will fa upon 14 foregoing proportion. 
4. Let EF the greateſt di | 
which an object ac F appears Gihings to the oye 

of a ſhort · ſighted perſon 3; and it will alſo be 


focal. diſtance of a concave lens, which bei 


ut cloſe to his eye at E, will be the pro 8 


r ſeeing remote objects diſtinctly. Becauſe the 
rays of a pencil, which come from any remote 
Object, and conſequently fall 


llel upon the 


lens, will eme m it to the eye, as if they 
had come directly to the naked eye from an ob- 
je& at F. And conſequently the picture of the 
remote object formed upon the retina by rays re- 
fracted through the lens, will be as diſtin& as 
the picture of an object at F ſeen by unrefracted 


ra 

77 Let Za be the leaſt diſtance from which 
the fame perſon can ſee an object diſtinctly with 
his naked eye ; then ſay as 2F to Q ſo N 
to Tg, nl pReng De F, the point q 
will be the neareſt point, which he will be able 
to ſee diſtin&ly through the lens abovemention- 


ed. For by art. 239, the rays of a pencil which 
fall upon the lens converging _—_ will 
after refraction converge to q ; and on the con- 
trary, the rays which flow from q will emerge 
from the lens diverging from 2 ; and ſup 
the point g to recede from the eye, the point . 
will alſo recede from it to ſuch places where the 
naked eye can ſee diſtinctly. watt fangs, 
approaches towards the eye, the point 2 will 
ſo approach towards it, to ſuch places where the 
= eye cannot ſee diſtin&ly, by the ſuppo- 
tion, 
6. Conſequently if 2 F, the ſpace between 
1 confuſed vi be dot leſs than 


ce from: 


: - \ - T 
119 * "£4 11 


will make all objects appear to him diſtinct 


' which are an whats ced beyond F, the 
0 


reach of his naked eye. For in this caſe 


not be greater than DF, as is manifeſt by the 

proportion above. | A 

57. But if he wants a pair of concave ſpect 
to read or write with, let the diſtance Eg be 


no greater than what is convenient for 1 


can 


Fig. 12; 


2 and let 2 be the limits of confuſed. vi- 


as before; and towards g take FG to FE as 
FE to Fq, and a concave lens whoſe focal di- 
ſtance is EG will be the propereſt for this pur- 


poſe, For ' by art. 23% the rays' of a pencil 


which fall on this g | 
will converge to q after refraction, and on the 
contrary z and therefore he will ſee an object 
diſtinctiy as far off as 9; and alſo neater than F. 
if N be but half of FF. For ſuppoling rays to 


fall on the lens converging towards 2 , fay as 


converging towards F 


2G to L ſo E to 2H, and the feffacted 


rays will converge to H and conſequently H will 
be the neareſt point that can be ſeen diſtinctly 
through this glaſs. But if 2 biſects FF it is ma- 


nifeſt that EH is leſs than Q; becauſe 2G, 


2F; 2H are now continual proportionals. 
58.-FThas any perſon may be fitted with the 
2 es though he lives at a diſtance 
m the ſhops where they are ſold, by ſending 
the workman their focal diſtances computed by 
the foregoing rules. But if choice of glaſſes be 


Directions 
for the 
choice of 
convex and 
concave | 


at hand, he may be better fitted by trial; ob- ffedacles. 


ſerving only to uſe thole glaſſes which are the 
leaſt concave or the leaſt convex of any that will 
fit the eye. Theſe are the glaſſes which I have 
computed and called the ir gry For ſince 
they cannot be put quite cloſe to the eye, the 
leſs any glaſs is concave, the leſs it diminiſhes 
the pi of objects upon the retina. It will 
alſo accuſtom the eye to that conformation of 
its coats and humors, which is proper for ſee- 
ing objects as far off as it can; and conſequent- 
ly may prevent 1 growing more and 
more ſhort-fighted. the other hand, the leſs 
any glaſs is convex, the leſs it magnifies the pi- 
Cures of objects upon the retina ; and alſo 0 
the eye to that conformation, which is requi 
for ſeeing objects as near as it can. Both which 
may prevent the in ſome meaſure from 
growing more and more long-fighted. For when 
the picture upon the retina is very large, it need 
SA quite ſo diſtin@, as when it is ſmaller, 
to convey an idea of the fame number of 
of an object ; and y the eye will be 
more at liberty to recede from that conforma- 
tion, which is proper for the glaſs; and to re- 
a that — e it eee which 
or ſeeing remote objects. 
59. 1 obſerved that thoſe per- 


ſons whoſe eyes are moſtly employed upon re- 
B mote 


DireRions 


to ptevent 
ſhort · hight» 


nion without any foundation; provided due care 


Short ſight- 
edneſs 
comes by 
accidents. 


2 Opthal- 
mogtaphia 
P. 34. 


Properties 
of ſhott- 
fighredne(s. 


a 1 * . 
10 . A * * 
Fl 


numbers of ſhort-ſighted perſons, are found a- 
mapgſt ſcholars and mechanicks, who are daily 
eoniverſant with books and other near objects 3 
fo that the eye it ſeems, like every thing elle, 


is inclined to keep to that conformation, to which 


» 


it is moſt aceuſtom ddt. 
60, Out of ſo rent a number of ſhort-ſighted. 
erſons as are daily to be met with, it is proba- 
ble there are but few that were born ſo, even of 
fhort-lighted parents. For it y grows © 
upon young people at the age of 20 or. 25, and 
the may poſſibly. be 22 by uſing 
their eyes while young to all ſorts of conforma- 
tions ; that is by often looking through glaſſes of 
all. forts of figures, and by ing, writing or 
working with ſpectacles of ſeveral degrees of 
convexity. For whatever be the powers by which 
the eye conforms it ſelf to diſtinct vifion, they 
may poffibly grow weak and loſe their extent 
one way or other, for want of variety of exer- | 
ciſe. I have heard of perſons who have had ſo 
great a latitude of fight, as to be able to ſee di- 
ſtinctly through glaſſes of all manner of 2 ) 
and poſhbly moſt children may have the ſame 
faculty, and by practice may preſerve it. To 
imagine that ſuch an exerciſe of the eyes can 
any way injure them, ſeems to me to be an opi- 


de taken to avoid looking at objects that are too 


bright. 3 | Lhe vi | | 

1 . Dr. Briggs mentions a perſon above ſeven- 
ty years old Who had uſed ſpectacles for ten 
years, and; yet by catching cold by reading in 
the winter time too near a window, he ſudden- 
ly became ſo ſhort ſighted. that he could nor di- 
fingniſm objects 3. feet off; and after his cold now fall parallel upon it: and the 


and defluxion was cured, he continued to read 
the ſmalleſt prints without, ſpectacles for many 
yearsa. I know a young gentleman who became 


mort: ſighted immediately after, coming out ofa 


cold bath, in which, he did not totally immerſe 
himſelf; and ever ſince he has uſed a concave 


glaſs for many years. It is commonly thought 


that ſhort · ſightedneſs wears off in old age; but 
I queſtipn whether this be matter of fact or an 
hypotheſis. only. F THT We 
62, It is remarkable of ſhort ſighted perſons, 
that they write a ſmall hand and love a fmalt- 
print, becauſe they can ſee more of it at a view; 


that they do not look at the perſon they converſe 


with, becauſe they cannot fee the motion of his 
eyes and features, and therefore are attentive to 
his words only; that they ſee-more diſtin 


a weak one; becauſe a ſtrong light cauſes à con- 


traction of the pupil, and conſequently of the 


pencils both here, aud at the retina ; which leſ- 


W — N 
% 


. 
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mote objects, as countrymen, ſportſmen, ſailers, - 
e and the ite N ſpe&acles the ſoon- 
eſt; and on the other hand, that the greateſt. 


ſens their mixture and | conſequently the a 
rent confuſion; and therefore: todee — Wy 
y they almost cloſe their eye-lids; fog which 
reaſon they were anciently called Miihe 
63. To: theſe perſons à lighted candle at a 
great diſtance appears very large and round, be- 
cauſe the retina cuts the pencils at a good diſtance 
from the image and - conſequently this ſection 
n well as of | 
the image of the candle On the other hand 
dark objects appear ſmaller to them, becauſe the 
contiguous: peneils that come from the contigu- 
ous brighter objects, are diffuſed into the pictures 
4 
N us termined the oon. Spetacles 
_— f ipedtacies for the uſe of Wheels in the — 
Sea, and has found that if the convexities of the 
laſſes be made equal on both ſides, they muſt 
the ſame as. the! convexity of the cornea 3 
whoſe diameter is about + of an inch. © It is 
certain ſays he b, that neither fiſh out of water, b Dioprrig, 
nor other animals within water, can fee any pag· 118. 
object diſtinctiy. Divers ſee things in water much 
in the fame manner as an vid man fees things 
— à very concave glaſs put near to his eye. 
For ſince it is found by experiments, that the * 
aqueous humor, lying next to the cornea, has 
nearly the fame refractive power as water; it 
follows that when the eye is under water, thers 
can be no refraction of the rays at their firſt en- 
trance into it. - For thongh the cornea may have 
a different refractive power from water yet be- 
ing but thin and terminated by parallel ſurfaces, 
adjoining to fluids equally refrattive, it Will 
tranſmit all the rays in a manner ſtraighte through e An. 38. 
it Therefore parallel rays which, by the re- 
fraction at the cornea, when out of water, were . 
made to fall converging upon the e 
refore the cry 
ſtalline will not be able to collect them to a 
point upon the "retina, but only to direA them 
to a point beyond it: an fo the viſion will be 
confuſed. On the other hand the refractions at 
the cornea of a fiſh out of water will be ve 
great, whereas under water there is none at 
or much ſmaller ; and fo the rays will croſs.one 
another before they fall upon the retina, and 
cauſe a confuſed appearance. 1 
"G5: Bur to correct the confuſion in human 
eyes under water, it is requiſite to find the con- 
vexity of a lens, which being applyed to the eye, 
ſhall tranſmit the rays to the cryſtalline, with 
the ſame degree of convergency, as they uſually 
have when the eye is out of water. The ſine of 
incidence is to the fine of refraction out of water 


cy into glaſs as 9 to 8, and the ſurface of the cor- 
and ſomewhat farther off by a ſtrong light than 


nea is a portion of a ſphere whoſe diameter is 

+rhs of an inch of our Rheinland foot or of the 

old Roman foot. Let AC be a ſection of this xig 134 
ſutice through its center B ; and the fine of 

Aci 


——ů —_ 
— 


— 
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incidence be to the ſine of refraction, out of air 
into the aqueous humor, as 4 to 3. Therefore 
taking BD triple of the ſemidiameter NA, it is 
certain that parallel rays in air, will be refracted 
# Art. 224+ by the aqueous humor, towards the point D“. 
But when the eye is under water this refraction 
at AG will be nothing; therefore a convex lens 
uſt now. be applyed to 40 which ſhall col- 
& parallel rays te the ſame point D. Let 
b BAF | be this lens, having one fide plane, and 
the. other convex- towards the eye, and let its 
ſemidiameter be 4H. Therefore ſince 
rays are collected to D, we have HD to DA 289 
to 8, that is, in the ratio of refraction of glaſs un- 
a Art. 225+» der water *, and disjointly HA to 4 Das 1 to 8. 
But we had 4D to AB as 4 to ror as8 to 23 
a Eucl. V. therefore by à regular equality aſ ratio's v, we 
* have HA to AB as 1 to 2. But. 4B is n, inch 
and therefore 4 H is 2, inch; which was to be 
found. Now if inſtead of this plano-convex lens 
you would, have a lens of equal convexities, they 
þ An. 235+ muſt each be the ſame as that of the corneas ; that 
is they muſt beportions of a ſpherical ſurface whoſe 
diameter is 4 inch. So far Mr. Hagens. 
A petſec- 66. It is a common opinion that the want of 
tion in the refraction. of the viſual rays at the cornea of the 
eyes of eye of a fiſh, is compenſated by the ſphericity 
of the cryſtalline humor ; ſo that the diſtance of 
_ - the retina from the cornea need be no greater 
than in other animals whoſe cryſtallines are len- 
ticular. But this is a miſtake. For conceiving 
a lens to-be made of two equal imall ſegments 
of the ſpherical cryſtalline, its focal diſtance 
would be ſhorter than that of the whole ſphere, 
meaſured from its remoter ſurface, by three 
rs 'of its diameter, whatever be the re- 
ractive power of the ambient medium. This 
may be eaſily collected from Art. 227 and 
232. Accordingly it is obſerved that fiſh have 
larger eyes than land animals in proportion to 
their bodies. There may be this advantage in- 
deed in a ſpherical cryſtalline, that the eye will 
take in more objects at one view, provided the 
cornea be ſufficiently protuberant and the pupil 
large, as is uſual in fiſh's eyes. The —— is 
that the rays from collateral objects fall 


dicularly upon the ſides of a ſpherical cryſtal- 


line, and obliquely-upon a lenticular one. Con- 
ſequently the pictures of collateral objects upon 
a retina- concentrick to a ſpherical cryſtalline, 
will be as diſtin& as thoſe of objects placed di- 
OY before the eye. By this means animals 
whole eyes are placed on cach fide of their heads, 
will have the advantage of ſeeing quite round 
them almoſt at one view; which is a great per- 
fection in viſion and preſervative of their lives; 
and in fiſhes it may compenſate for their want 
The anti- of hearing. 


quiry of 67. Mr. William Molyntux has given us the 
ipecacles. ; 


kee Fig, 
11 153, 
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fulleſt account of the an of ſpectacles, ani 

places the invention e ths year 1300. Diopttie. 

Were there no other uſe of dioptricks than p. 207. and 

that of 1 for the help of delete es; 21 

I ſhould think the advantage that mankind re- 

ceives thereby, inferior to no other benefit what. 

ſoever, not abſolutely requiſite to the ſupport of 

life. For as the ſight is the moſt noble and ex- 

-tenſive of all our ſenſes; as we make the moſt 

frequent and conſtant uſe of our eyes in all the 

actions and concerns of human liſe; ſurely that 

Inſtrument that reſieves the eyes when decayed, 

and — their defects, rendering them ufe- 
otherwiſe almoſt uſeleſs, muſt needs 

of all others, be eſteemed of the greateſt advan- 

tage. How melancholy is the condition of him 

who only enjoys'the fight of what is immediate- 

ly. about him ? with What diſad vantage is he in- 

gaged in moſt of the concerns of human life? 

Reading is to him troubleſome, war more than 

ordinary dangerous, trade and commerce toil- 

ſome and unpleaſant. And ſo likewiſe on the 

other hand, how forlorn would the latter 

of moſt mens lives prove, unleſs ſpectacles were 

at hand to help our eyes, and a little formed 

—_ of glaſs ſupplyed the decays of nature! 

The curious mechanick, engaged in any minute 

work, could no longer follow his trade, than 

till the goth or both year of his age; the ſcholar 

no longer converſe with his books, or with an 

abſent friend in a letter. All after would be me- 

lancholy idleneſs, or he muſt content himſelf to 

uſe another man's eyes for every line, Thus for- 

lorn was the ſtate of moſt old men, and ma 

young, before this admirable invention; whi 

Oy account can never be prized too 

gnly 
68. That the ancients had no knowledge of otick- 

optick- glaſſes, is moſt evident from their uni- flaſſes un · 

verſal filence in this matter: their moſt learned known ts 

and inquiſitive philoſophers making no mention, the an- 

or the leaſt hint thereof, in their writings. And cients. 

doubtleſs a contrivance of that univerſal uſe, be- 

neficial to all old men, both in reading and wri- 

ting, could never have been ſo concealed, as 

that not the leaſt footſteps thereof ſhould remain 

to ovary The only relief they had for their 

decayed fights were certain Collyria or eye- 

falves ; and when theſe failed them, they were 

left almoſt in the dark for minute and cloſe ob- 

69. We hear indeed mighty ſtories of Archi- 

medes burning the ſhips of Marcellus, at a great 

diſtance from the walls of Syracuſe. But whe- 

ther the matter of fact be true or falſe (as I am 

very inclinable to believe it falſe) yet there is no 

mention of his performing this admirable effect 

by optick-glaſſes. Perhaps, if there were any 

ſuch thing done at all; it was performed by 

concave ſpeculums: and no one denies the an- 

B 2 cicats 
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| ledge of catoptricks. For Archi- 
medes himſelf writ a book, as it is ſaid, De Spe- 


alis Uſlorits Parabelicisz but it has never yet 


a Voſſius 

Mc Scient. 
Math Cap. 
26. S. 10. 


_ Paſſage in 
Fin. 


die 


ſeen the light. 


70. And yet there are in the world a fort of 


men, ſo devoted to the paſt ages, that they will 
not allow any improvemens of arts in the mo- 
dern generation, unknown to the ages ſome cen- 


turies before us. Of this claſs was he, (whoever 


he was) = -e ae 
ignorant of optick · glaſſes, would forge a paſſage 
in Plaatus, which really is not at all to be found 


in him, for confirmation of his opinion. 
was too candid” 


71. Paxcirollus (who ſurely 
a perſon to be the firſt author of this fiction) in 
the ſecond book De Rebus Inventis, Tit. 15, 
quotes this paſſage from Plautus, Cedd V itrum, 
neceſſe eft Confpicilio ati; which, ſays he, can- 
not po meant of any other thing but of 
the glaſſes which. we call ſpectacles. his 
commentator Salmuth takes ſome pains to cite 
Coons Becmannus (| ſuppoſe in his Oretio 
arbarie & Superſtitione ſuperiorum 7. 
rum) for clearing this paſſage of Plawtus : but 
yet he is ſo hard preſſed with it, that by no 
art, but by main ſtrength he breaks through it, 
and ſays, that notwithſtanding that paſſage, yet 
certainly optick glaſſes are a modern invention. 
72. ereas had he been aware, that that 
tation from Plautus is a mere fiction a; and 
t no ſuch e can be found in all his wri- 
tings ; he might eaſily have avoided its force, 
without all that ſtir. For fo we ſhall find it an- 
ſwered in the Lettere Memorabili del Abbate Mi- 
. 
Ano ce ci r the antiqui 
0 821 alafſes, is that of Plim, Lib. 7. gbr 
. Nat. wherein we find the exark Specillum. 
To this paſſage we have this anſwer in the fore- 
mentioned letters. of - Giuftiant ; that Specillum 


cannot poſſibly be here meant of a ſpectacle glaſs, 


ſeeing we find the expreſſion, Inungit Specillum 3 
which, ſays he, cannot be underſtood of ſpecta- 
cles, which we rather wipe and cleanſe, than 


Anoint and greaſe. But this conſtruction of the 


learned authors is much forced and unnatural : 
for the plain ſenſe of that paſſage in Pliny is 
this. Pliny in that chapter is giving inſtances of 
the ſudden deaths of many men ; and telling how 
they were ſeized, whilſt were doing ſo or 
ſo, and wholly thoughtleſs of that fatal mo- 


ment. Among many other examples, he has 


this 3 Super omnes C. Fulius medicus dum inun- 
git, Specillum per eculum trahens. The meaning 
whereof is no more, than that the phyſician C. 
. was 8 a ſudden ſeized Va death, whilſt 

was applying an unguent to his patient's eye, 
and — his probe (called Speci//um) through 
yt. Whereas to join inungit and Specifua, "ſpoils 


the grammatical ſenſe of the whole, and renders 
it unintelligible. be 
74 It is evident therefore, that from neither 


of theſe paſſages can we draw any argument for 


the antiquity of optick- glaſſes erefore ſee · 
ing we muſt neceſſarily allow this invention due 
to the modern age of the world ; our next en- 
Lark Won be, where firſt to fix it. But herein 
we ſhall find but faint traces to direct us. 


75.  Monfieur Menage a learned and ingenious Menges 
gin della Lingus Haka- opinion. 


Frenchman, in his 
na, Genev:, 168 5, commenting on the word 
Occhiali del Galilai, diſcourſes there of the time 
of the invention of ſpectacles: and after relatin 
the known of Frier Forden, of whi 
more anon, he this notable 38 — 


Monfieur du Cange had told the author ( Monffeur 
2 of a greek the criph 


whereof is now in the Freneh King's Library, 
wherein the poet, who lived An 1150, jeſting 
on the phyſicians of thoſe times, ſays of them to 
this purport in french, Qi tatent Ie poux, & 
quils regardent les excremens du malade avec 
une Verre. That they obſerve the excrements 
of their patients with a glaſs. But Monſieur Me- 
age is of opinion, that this was a tranſparent 
glaſs, whelmed over the veſſel, more for the 


their eyes. 


76. But however we may doubt of ſpectacles Ptiet Si- 
being ſo ancient as 1150, we may be certain pre- 
that about the thirteenth century, they were 


commonly known and uſed. For beſides what 
we ſhall ſay hereafter of our country-man Frier 
Bacon) the moſt learned Monſieur Spoox in his 
Recherches Curieuſes d. Antiquitt, Dirt. 16. 
inſerts a letter of Signior Red? to Paulus Fallo- 
nerius, concerning the me when ſpectacles 
were invented ; and this he fixes between 1280 
and 1311, from the teſtimony of a manuſcript 
chronicle in latin, in the library of the Friers 
Preachers of St. Katherine at Piſa, Fol. 16. 
Wherein it is faid, that Frater Alexander de 
Spina, Vir modefius & bonus, 4 ue vidit 
aut audi. vit facta, ſeivit & facere. Ocularia ab 
aligus primo fada, & communicare nolente, ip/e 
t & communicavit corde bilari & wotente. 
And this Alexander de Spina was a native of 
Piſa, and dyed there, An. r313. | 


77. Signior Rea has in his library a manu- Another 
ſcript written An. 1299. Di Governo della Fa- authority, 


lia de Scandro di Pipozzy. In which there is 
this paſſage ; Mi trxovo fs graveoſo di anni, che 
won arei di leggere e ſerivere ſenza 
vetri appellati Otiali, traovati novellamente 


per commodita OI welt, quands affie- > 
us | 


bolano del vedere. in engliſh, I find my 
ſelf ſo preſſed * that I can neither read or 


write without glaſſes they call ſpectacles, 


4 


relief of their noſe againſt the ſtench, than of 


S «A R8R8wo 


lately invented, to the great advantage of 
1 oat when their night | grows weak. Fre 
inet For- 78. The Italian Dictionary & /a Cruſca, on 
u autho- the word Occhiale, makes this remark, that Frier 
ty. Fordan de Rivalts, who dyed at Piſa, An. 
1311, in a book of ſermons which he writ An. 
1305, tells his auditory in one of them, that it 
is not twenty years ſince the art of making ſpe- 
Qacles was found out, and is indeed one of the 
beſt and moſt neceſſary inventions in the world. 
Gordon's 79. About the ſame time vi. 1305. Bernard 
2nd Chaws Gordon à famous Phyſician of Montpelier, in his 
liae's, Lilium Medicine, thus commends a certain eye- 
falve ; Ft eff tanta Virtutis, quod decrepitum oF 
ceret legere Literas minutas abſque Ocularibus. 
And An. 1633, Guide de Calla, in his book 
entituled Grand Chi , after propoſing ſe- 
veral Collyria, faith ; it theſe or the like will 
not do, you muſt make uſe of ſpectacles. 
Spectacles 80. From all which we may be pretty cer- 
firſt uſed tain, that ſpectacles were well known in the 
about An. 13th-century, and not much before. But who 
1300, the happy man was, that firſt hit upon this lucky 
thought, may yet be queſtioned. It is true in- 
deed, if we credit the forementioned Chronicle 
of the Convent at + 1: Frier Spina makes as 
fair a challenge to the invention, as the firſt 
author, who refuſed to communicate it. But I 
am apt to believe, that, whoever this cloſe man 
was that would not impart to Spina, he was a 
Frier ; and that theſe monkiſh men, and For- 
dan amongſt the reſt, had this invention whiſ- 
_ amongſt themſelves, before it was pub- 
hck ; and that they all had the firſt hint there- 
of from our Country- man Frier Rgger Bacon. 
Trier Ba- 81. That this learned Frier Bacon who dyed 
«n's pre- An. 1292, and lyes buried at Oxford, did 
tenſe io this fectly well underſtand all ſorts of optick glaſſes, 
invention. ſhall be made out, from the natural and 
eaſy ſenſe of his own words, in his book of Per- 
ſpective: whereby we ſhall' find, that he not 
only underſtood the effects of ſingle convex and 
concave glaſſes 3 but knew likewiſe the way of 
combining them, ſo as to compoſe ſome ſuch 
inſtrument as our teleſcope. This perhaps will: 
be looked upon as a great paradox, and as great 
partiality in an enghſh- author to his country- 
man ; eſpecially conſidering, how- univerſally, 
the contrary has iled ; the votes of moſt. 


learned men having conferred the honour of 


this invention on other pretenders. But if from . 
the unconſtrained words of his books, we plain- 
ly make out this aſſertion, I hope the attempt 
may not be counted unreaſonable or partial. 

82. And firſt in his book of perſpective Part 
III. Diſtinction 2. Ch. 3. he has theſe words; 
Si vero Corpora non funt plana (having treated 

co them before) per que viſus videt, ſed ſpbarica 


tunc eff magna diverfitas, nam vel Concavitas 


Corporis. gi verſus oculum,. vel Convexitas, &c. . 


was, & fellas faceremus 
| Glaſſes or diaphonous 
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By which it is manifeſt, he knew what a con- 
cave and convex glaſs was. Moreover, in the 
ſame place Diſtinct. ultim. he proceeds thus t. 
De Fifione frafta majora ſunt ; nam de facili pa- 
tet, maxima poſſe apparere minima, & contra 3. 
eng diflantia widebuntur propinquiſime, & 
2 comversd. Sic etiam faceremus Solem & Lunam: 
Stellas deſcendere ſecundum Apparentiam hic 
2 Se. Thus in engliſh ; greater wonders 
all theſe are performed by refracted viſion 3. 
for thereby it is eaſily made. appear, that the 
greateſt object may be repreſented. as very little, 
and contrarily ; and fo likewiſe, the moſt di- 
ſtant objects as juſt at hand, and contrarily. 
Hereby alſo we may bring the ſun and moon and 
ſtars down here below in a &c. This 
I think is ſo ex in the point, that it leaves. 
no room to doubt, but 9 19 had: ſome admi- 
rable ſecret in optick-glaſſes. Add to this what 
he has in his epiſtle ad Parifienſem, of the Se- 
crets of Art * e Cap. 5. Pofſunt etiam 
fic figurari Perſpicua, ut Lien fofita appar 
reant propinquifſima, & e contrario. Ita quod. 
ex incredibili diſtantia legeremus literas minuti/.. 
imat, & numeraremus res quantumcungque par- 
ere qud wvellemus.. 
| ies, ſays he, may be 
ſo formed, that the moſt remote objects may. 
appear as juſt at hand, and contrarily ; ſo that. 
we may read the ſmalleſt letters at an incredible 
diſtance, and may number things though never 
ſo ſmall, and may make the ſtars appear as near 
as we pleaſe. 
2 And that theſe things may not ſeem in- 
ible of this t man; who, in that dark,. 
ignorant age could be maſter of theſe admirable 
inventions ; I ſhall refer the reader, for a more 
compleat account of him, to Ant. a Wood Hift. 
& Antiquit. Univerfit. Oxonienfis, Lib. 1. Pag. 
45 2 to Ta Plau's Nat. Hi 4 4 Oxford- 
Ire, Ap. 9. 253. &c. an 5 40, 
2 Where we may And. how —. * 4 
ted by the ignorant malicious Friers of his 
order, as practiſing magick and necromancy : 
for which they caſt him into priſon, and there. 
detained” him for a long time, ſome ſay to his. 
death; in the 78th year of his age. : 
84. Mr. Molyneux s quotations from Frier A more 


Bacon being imperfect, by reaſon of his abſence ample pa- 
informs us, I will here ſupply fage from 


from books, as 
this defect. This author having deſcribed ſeve- Friet 3. 
ral canons, as > 1 een. on Cos 
viſual angle under which an object appears by. 
— through a plane * ſpherical fa 
face, and alſo the place of its image ; proceeds 
immediately to apply them to the ſolution of. 
ſeveral a ces. As why an oar a 
crooked in water ; why a piece of money in the 
bottom of a baſon, becomes viſible by pouring , 
in water, when before that it could not be ſeen 

oder 


— TINY 


14 ky 

over the fide of the baſon 3 why the ſun. and. 
moon appear ſometimes larger than ordina 
through denſe vapours in the horizon. And at la 


a Roy. Ba- he adds a, Si vero homo aſpiciat literas & alias 
con Opus rey minutas per medium cryftalli, vel witri, vel 
Majus ,, alterins 1 ſuppoſeti I i. e. fuperimpoſeti] 
oo * literis ; t portio minor ſphere, cujus convexi- 


tas fit verſus oculum ; & oculus fit in aere; longe 
melius videbit literas, & apparebunt ei majores. 


Nam ſecundum veritatem canonis quinti de ſpheri- 


co medio infra quod eft res, & citra ejus centrum, 
& cujus convexitas eft verſus oculum ; omnia con- 
cordant ad 'tudinem : quia angulus major 
E. fub quo videtur, & imago eft major, & locus 
imaginis eff [a+ «=, pr quia res eff inter oculum 
centrum: & 7 inſtrumentum eff utile 
ſenibus & habentibus oculos debiles. Nam literam 
quantumeungue parvam poſſunt videre in ſuſſicienti 
 magnitudine. Si vero ft portio major ſphere wel 
medietas, tunc ſecundum canonem ſextum accidit 
majoritas anguli, & majoritas . pro- 
Pinquitas deeft, quia locus imaginis eft ultra rem, 
eo quod centrum ſpbara of inter oculum & rem 
5 & ideo nom ita valet hoc inſtrumentum ficut 
i efſet minor portio ſphere. Et inſtrumenta pla- 
norum corporum cryſtallinorum ſecundum pri mum 
canonem olanis, & ſphericorum concavorum 
cundum primum canonem & ſecundum de ſphericis, 
poſſſunt facere hoc idem. Sed inter omnia portio mi- 
nor ſphere, cujus convexitas e verſus oculum, evi- 
denttus oftendit magnitudinem, propter tres cauſas 
45 — aggregatas, ut notavi. If the letters of a 
book or an minute objects, be viewed through 


a leſſer ſegment of a ſphere of glaſs or cryſtal, 


whoſe plane baſe is laid upon them, they will 
appear far better and larger, Becauſe by the 5th 
canon about a ſpherical medium whoſe con- 
vexity is towards the eye, and the object is pla- 
-ced below it, and between the convexity and 


its center ; all things concur to magnify it. For 


the angle under which it is ſeen is greater, 


and its image is alſo ter, and nearer to the 
eye than the object it ſelf ; becauſe the object is 
between the center and the eye. And there- 
fore this inſtrument is uſeful to old men and to 
thoſe that have weak eyes. For they may ſee 
the ſmalleſt letters ſufficiently magnified. But if 
the medium be the larger ſegment of a ſphere or 
but half of one, then by the 6th canon, the 
apparent viſual angle will be greater than the 
true, and the image alſo greater than the object; 
8 but the place of it will be beyond the object; 
: becauſe the center of the ſphere is between the 
eye and the object. And therefore this inſtru- 

ment is not ſo powerful in magnifying as a leſ- 

ſer ſegment of a ſphere. Alſo inſtruments made 

of cryſtal bodies with plane ſurfaces, by the firſt 

-canon about planes, and with concave ſurfaces, 

by the firſt and ſecond canons about ſpherical 

ſurfaces, will perform the fame thing. But the 
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leſſer of two ſegments of a ſphere. magnifies more 
manifeſtly than any of them all, by reaſon of 
the concurrence of all the three -cauſcs, as I {aid 


before. | ' 

85. This is a. tranſlation of the whole paſſage, Fig. 14, 14, 
and in his figures. the center of the convexity 
oþ is 4; the object is ; the incident rays fo, 
g the refracted ones oa, pa to the eye at a; 
the image at bc, terminated by the lines 4f; d 
produced till they cut the viſual rays p 
in b and c. | | 

86. To find an author ſpeaking of a ſmall His pre- 
ſegment of a ſphere of A of its magnifying denſe cxa. 
the letters oſ a. book, of its * a proper in- mined, 
ſtrument for helping decayed fight, and to {ay 
he was not polletſed either of the theory or the 
uſe of ſpectacles, may appear to be a paradox; 
but I hope to ſatisfy my. readers it ig not a mi- 
ſtake. Firſt then our author plainly propoſed to 
lay the flat baſe of his ſegment upon the letters. 
For the word Sappefiti muſt have been a con- 
traction in his writing of the word Superpofete 
or rather Superimpofeti ; as ap by the — 
and by the canon he quotes. Beſides, he ſays not 
a word of holding the ſegment at a diſtance from 
the letters; nor could he indeed becauſe he has, 
not treated of a double refraction at both its fur- 
faces, without which he could conclude nothing 
at all about its effects when raiſed from the 
book ; for he argues from nothing but theory 
throughout the whole chapter. ; 

87, In the next place J obſerve: that he is His mi- 
2 miſtaken in F together, that 

e leſſer ſegment of a ſphere magnifies the let - 
ters more than the larger. The contrary to 
which is true; for I ſhall prove by and by, that 
when the thickneſs of the ſegment is very ſmall, 
it magnifies the letters inſenſibly ; and that as 
its thickneſs is increaſed, it magnifies them more 
and more, and moſt of all when it becomes an 
entire ſphere. But it is no wonder. that he con- 
cludes wrong from à wrong principle; namely 
that the letters appear leſs in 4 greater ſegmetit 
than in the ſmaller, becauſe their image is be- 
yond them in the greater ſegment and before 
them in the leſſer. The only juſt conſequence 
that can be drawn from theſe different diſtances 
of the image, is, that to an old man's eye the 
letters will appear diſtincter, by rays diverging 
ſomewhat les from the remoter image, and more 
confuſed by rays diverging ſomewhat more from 
the nearer, than if he viewed them with his na- 
ked eye. The effect of the leſſer ſegment is there- 
fore contrary to the deſign of {) les; which 
is not to magnify the letters, but to make them 


appear diſtinct, by cauſing the rays to fall upon 

e eye leſs diverging, or parallel, or even ſomo- 
what converging, according to the different age 
or conſtitution of the eye; and therefore it can- 
nice and deter- 


LL 


not be performed, but by a very 
minate degree of convexity. 


* 


ww A TT 
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did not 88. Hence it is plain that our author tryed object P, ſuppoſed always to be à part of 
ent ſye · no experiments with a greater and a leſſer ſeg- the baſe of the ſegment RACS; and we 2 
les. ment, to compare their effects together. For line parallel and equal to 758. and ſubtending 
then he muſt have found out his miſtake, and the viſual angle 40 C. The object f. 2 
muſt rather have preferred the larger ſegment pears by refraction to be of the ſame magnitude 
| for magnifying more, which is all he contends as if it was removed to the place ws and viewed | 
for. However let us ſuppoſe him to have follow - there by the naked eye ®; and therefore the appa- b Att. 104. 
ed his on doctrine, and to have tryed a. leſſer rent magnitude is to the true, as O to O. „ * Art, 99, 
ſegment only. It could not be a thin ſegment of Suppoſe now the arch AC to be very {mall and 10. 


% —w 


em. 2. 


Optic. 
7. th. 


emon- 
ration of 
emark 


. 16, 17, OCEDits axis, OAP 
6+ from 


a large ſphere, like one of our ſpectacle- glaſſes. 
For this could not ſenſibly magnify the letters 


the incident and refracted ray OAB to keep 
fixt, while the ſegment RACS increaſes from 


underneath it, as he ſays it did. The moſt con- nothing till it becomes a whole (| and the 
vex. ſpectacles now made, when laid upon a ratio of ON to Ox will at firſt be a ratio of e- 


book, have not this effect; becauſe they 


ſmall ſphere, ſufficiently thick to magnify the 
letters underneath it; and therefore it muſt have 
been thicker than our deepeſt ſpectacles for the 
oldeſt mens eyes; and conſequently when ap- 
plyed to their eyes, it muſt have made the let- 
ters appear confuſed by too great a quantity of the 
refractions. And this confuſion our author could 
not correct by theory and reaſon, becauſe he 
knew not the cauſe of it ; and it is plain he made 
not many experiments. The difcovery of this 
cauſe, together with the manner of viſion by 
ictures upon the retina, was firſt made by Kep- 
er e, above 300 years after our author's time, 
and alſo after ſpectacles were in common uſe. 
It was impoſſible then for any man before Kep- 
ler, even to explain the effect of ſpectacles, (that 
is, how they correct the confuſion in the picture 
upon the retina,) and much more to invent them 
by theory and reaſon; and of conſequence th 
muſt have been the reſult of ſome lucky acci- 
dents among a multitude of tryals and attempts, 
begun perhaps upon this hint of our author's; 
Which is all the honour that can juſtly be paid 


him. What he knew of teleſcopes ſhall be con- 


ſidered in its proper place. 

89. As to his theory and applications above- 
mentioned, they are all taken from Albaxen 
whom he frequently mentions upon other occa- 
fians. Alhatzen is reckoned to have lived about 
the year of our Lord 1100. Among his experi- 
ments made to confirm his theorems, he ex- 
preſsly mentions, that if an object be applyed 
cloſe to the baſe of a larger ſegment of a ſphere 
of glaſs, it will appear:magnified®'; which, as I 
obierved, was fitter for 'Pacon's purpoſe than his 
own lefler ſegment. He alſo treats about the 
appearance of an object through a\globe 3 and 
ſays he is the firſt that found out the refraction 
ot rays into the eye. ; 

90. The proof that I promiſed of the 87th 
remark is this. Let O be the place of the eye, 
E the center of the ſpherical ſurface AC, and 
any ray ſuppoſed toflow 
the eye, and to fall upon any point P of the 


are too 
thin. It follows then, if he tryed any ſegment ' 
at all, that it muſt have been a ſegment of a 


frophants, Act II. Sc. 1. towards the end. Stre- | 
aden an old ſtupid fellow tells Secrates he had 1 fd. . 


quality, and then will increaſe perpetually c. © Art. 22 


The exact quantity of this ratio may be com- 
puted from this theorem deduced from Art. 


202, O2 O2—OE x 75 wherein F is the 


focus of rays that go within the ſphere. 
91. The famous 


. de Ja Hire has endea- Burning: 


voured to raiſe the antiquity of lenſes or lenticu- ſpheres 
lar burning-glaffes to a very great height a, ima- known to 


gining he has found them in the Clouds of A4ri- 


the an- 


ents. 


found out an excellent contrivance againſt pay- ges Sci. 
inghisdebts. Strep. Have you never ſeen at the apo- 1708. 


thecaries that fine tranſparent flone with which 
they kindle fire Socrat. Do you mean the glaſs ? 
Strep. Vr. Socrat. Bring it; what then ? Strep. 


When the attorney hath <oritten an action again 
me, I will take this glaſi, and flanding at a di- 


down the letters of 
done by the Graces, The r this place 
ſays it was a round *© thick glaſs made on purpoſe 
for this uſe ; that they rubbed it with oyl and 
heated it, and then they fitted to it, or brought 


. flance, in this manner againſt the ſun, I will melt c 
7 . 4 Socrat. Cunningly - 
h 


e rex. 
«dk; 
round like 


near, a match (for the greek word here is equi 2 heel. 
vocal) and after this manner the fire was light- ' 


ed. De la Hire cannot underſtand what the oyl 
was for, unleſs it was to poliſh the glaſs. But 
be that as it will, he ſays the Scholiaft conceives 
it was convex, which ſhews that in his time, 
though later than Ariflophanes, they uſed ſuch, 
glaſſes to kindle a fire. gee: | 

92. He argues alſo from the words 'An»rigu 
2%; landing at a diſtance, that this glaſs was len- 
ticular rather than ſpherical ;_ becauſe a oat 
burns an object only at à very ſmall diſtance 
from it. But Mr. 


: 


* 
A 


: 


aller obſerves that confider- 6 philoſ. 


ing the whole deſign of thisPlay was to ridicule Exp. and 
Socrates, it was proper enough to bring in an old ©bſ. by 


coxcomb boaſting of an invention for doin 
what indeed it could not | perform;. To 
remark Mr. Waller has added others upon ſome 
curious paſſages from the ancients, conterning 


their burning glaſſes by refraction; from Which he 


Hook, & c. 


$0. p. 348. 


: 


concludes they had no other than whole ſpheres, , 


and that thele were chiefly uſed by 1 


15 
to burn the fleſh of fick perſons that needed cau- 
terizing, and by the Veſtal virgins to kindle the 
ſacred fire. I believe Viteilio was the firſt perſon 
that demonſtrated the reaſon of this effect. Op- 
tic. Lib. 10. Th. 48. | 


"Their mi- . Conſidering that catoptricks was known 
Make about and Cakes by the NG before di 
Sarning tricks, it is ſurpriſing they could not account 
— beg burning by reflection a concave metal. 
b -Euclid in his catoptricks ſays its center is the 
ON, burning point®, becauſe all the rays which 
Lib.-9. it are returned dize&ly back to it. But 
Prop. 37. a8 the ſun's diameter is ſo ſmall, theſe rays are 
but very few and the conſequence would be 
that a very broad ſpeculum would burn no 
better than a very narrow one, which is contrary 
to experience. It is evident from this and many 
other blunders in that book, that Euclid the 
geometer was not the author of it, and alſo that 
the ancients made very groſs experiments. 
Philol. . But ſince the effecis of burning with ſo- 
Exp. and lid ſpheres or glaſs bottles filled with water, 
-Obl. by was ſo well known to the ancients, how came 
—— it to paſs that they did not alſo know their 


effects in magnifying objefts. Had the greek 
and latin — — known this augmentation 
of objects, —— they not have mentioned it 
3 3 and would not ſeveral metaphors 
and alluſions to it have been brought into their 
2 ? Mr. de la Hire accounts for this over · 
ſight of theirs partly from their falſe notions a- 
bout the manner of vi i in whin 
e, that went out in 
ueſt of obj or elſe by little repreſentations 
5 K 1 es ons ſought 
Hut for our eyes ; ſo that having no ſuſpicion of 
pencils of rays nor of our focuſes, they could 
no between a burning-glaſs and the 
manner of viſion. This indeed is a ſufficient 


reaſon for their not diſcovering its magnifying 
. by theory, ; but can it be ſuppoſed they 
never looked through theſe ſpheres ? To this 


the neareſt ſurface ; ſo that if theſe ſpheres had 
fix inches in diameter, which is the moſt 
can be ſuppoſed to be, the object in view 
have been placed at one inch and a half 
the f to be ſeen diſti But it is 
one 


ef; „ as is now practiſed wi t ſuc- 
, Lud beate they muſt 8 
20 have wrought and ground their glaſſes as we 
403 whereas in all probability the ancients knew 
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| only how to blow their glaGs and make veſſels 


/ 


Upon AzT. 94- 


95. M. Bouguer Profeſſor of Hydrography at Much ligtt 
Croific, has found by — thet ug to ſtopt by 
of the moon is tly 2000 times weaker we amo. 
in the horizon, than at the altitude of 66 de- Fhete. 
grees. And that the proportion of her lights at 
the altitudes of 66 and 19 degrees is about 3 to 
2. And the lights of the ſun muſt bear the Ame 
proportion to each other at thoſe heights ; 
which he made choice of as being the meridian 
heights of the ſun at the ſummer and winter 
ſolſtices in the latitude of Croifc ©. His manner e Edai dioy. 
of tryal was this. When the moon was 19 de- «rique fur! 
pou high, he received her light perpendicu- $radation 

rly _ a White * and alſo the light of de la lumi- 
4 can rpendicularly upon another paper P% *+ 
hard by; then he ordered he diſtance of the 
candles t6 be varied, till he judged their light 
upon the paper to be equal to that of the moon 
upon the other paper ; and found the diſtance 

the candles from the paper to be 50 feet. 
Then he repeated the ſame iment when 
the moon was 66 degrees high, and found her 
light __ to A _ fame * at the di- 
ſtance of 41 feet from The 
tion of theſe lights is as the 2 
50 to the ſquare of 41 *, or in round numbers Art 58. 
about 3 to 2, The horizontal light of the moon 
was found in the ſame way, but is ſubje& to 
greater variations, by paſſing through more va- 
pours. | | 

Upon Ax r. 95. 

. By the like experiments this ingenious The 
N the light of the full moon — a- — of 
bout 300000 times weaker than that of the ſun, day light 
at a medium of ſeveral tryals. I found it by and moon · 
theory not much above times weaker ; the light byex- 
difference may ariſe chiefly from the loſs of light 51d. 5. 41. 
in the moon's body, which could not be allow- k 
ed for in theory. M. Bouguer proceeded thus. He 
received the light of the fun when 41 degrees 
high, into a dark room through a concave lens, 
placed againſt a round hole, one line in dia- 
meter, made in the window-ſhutter ; and at a 
certain diſtance between 5 and 6 feet from the 
hole, the diameter of the tranſmitted light u 
on a white paper was 108 lines. The direct light 
of the ſun was therefore weakened in the ratio 
of the ſquare of 108 to 1 ®, that is 11664 times; , 
and then it appeared equal to the light of a can- 
dle upon a paper held 16 inches from it. At ano- 
eee moon was alſo 31 de- 
grees high, and the paper was placed at ſuch a 
diſtance from the — lens, that the diameter 
of the tranſmitted light was 8 lines, he judged 
it equal to the light upon a paper coming = 


Art. 58, 


4 An. 38. 


— 


the ſame candle 50 feet from it. To find the re- 
ſult of theſe two experiments, it is to be 
dered that the moon's light was weakened but 
64 times by the concave lens ; and therefore 
"wo weaken it 11664, (that is as much as the ſun's 
light was the ſame concave,) or 
to weaken the equal candle light 11664 times, 
the candle muſt be removed from the ſaid di- 
ſtance of go feet to 675 feeta. Becauſe the 
uares of g0-and- 675 are as 64 to 11664. But 
candle whoſe light eq that of the ſun 


weakened 11664 times, was but 16 inches or 1 3 


' foot from che paper. Therefore the ſquares of 


the diſtances 675 and 1 4 give the ratio of two 

of candle light 1 reſpectively to thoſe 
of the fun and moon. This ratio is as 256289 
to 1. But by taking a medium among ſeveral 
experiments he concludes u 300000 to 1, 
when the moon is at her middle diſtance from 


the earth. For when ſhe is in perigee and apogee 
;“ of her Dalits is t 4 to 3. 
So { Bouguer. | 


The propor» . My rule may be thus demonſtrated. Let 
en Lr. the i- circle of lp 


light ro 


the little circle Jug repreſent the moon's body 
half inlightened by the ſun, and the great cir- 


— cle ach, a ſpherical ſhell concentrick to the 
= theo» moon and touching the earth; ab any diameter 


TY. 
Tig · 19. 


„ hy ie es Huſtrated by it. 


of that ſhell perpendicular to a great circle of 
the moon's body, repreſented by its diameter 
ed: e the place of the ſhell receiving full moon- 
light from the bright hemiſphere fdg. Now be- 
cauſe the ſurface of the moon is rough like that 
of the earth, we may allow that the ſun's rays, 
incident upon any ſmall part of it, with any ob- 
liquity, are reflected from it every way alike, as 
if they were emitted. And re if the ſeg- 
ment / ſhone alone, the points a, e would be 
equally illuſtrated by it; and likewiſe if the re- 
ining bright ſegment ag ſhone alone, the = 
onſe- 
ly if che light at 8 was increaſed 
the light at l, it would become equal to the 

fall moon - light at . And conceiving the ſame 
"tratisfer to be made from every point of the be- 
| _ ical ſutface ii to their oppoſite points 
in the hemiſphere 42eh, the former hemiſphere 
would be left quite dark, and the lever would be 
uniformly illuſtrated with full moon-light ; ari- 
fing from a quantity of the ſun's light which 


immediately re its incidence on the moon, 
would uniformly illuftrate 1 ual 
to a great circle of her body, call her dk. 
Therefore the tities of light being the ſame 
upon both ſurfaces, the denſity of the ſun's in- 
eident light, is to the denfity of full moon light, 


as that hemiſpherical ſurface 2 is to the ſaid 


C 


diſk ; that is, as any other hemiſpherical ſur- 
face whoſe center is at the eye, to that part of 
it which the moon's diſk appears to poſſeſs very 
nearly, becauſe it ſubtends but a ſmall angle at 
the eye: that is, as the radius of the hemiſphere 
do the verſed fine of the moon's apparent ſemi- 
diameter b, or as 10000000 to 1106 5 or as 
90400 to 1 ; taking the moon's mean horizon- 
* — U uy to be 16'. 7”. 

-Stri king this rule com moon; 
light at the — with day- light n 
the medium of which at ker quadratures, is the 
ſame as our day- light : but is leſs at her full in 
the duplicate ratio of 365 to 366 or thereabout, 
that is, of the ſun's diſtances — earth and 
full moon: and therefore full moon - light would 
be to our day light, as about 1 to 90900, if no 
rays were loſt at the moon. 

99. Secondly I fay that full moon-light is to 
any other moon-light, as the whdte diſk of the 
moon, to the part that appears inlightened, con- 
ſidered upon a plane ſurface. For now let the 
earth be at 6, and let d/ be perpendicular to / 
and gu to cd; then it is plain that g/ is eq 
to 4m; and that g/ is equal to a perpendicular 
ſection of the ſun's rays incident upon the arch 
dg, which at þ a equal to dm; the eye 
being unable to Ang. iſh the unequal diſtan- 
ces of its parts. In like manner conceiving the 
moon's ſurface to conſiſt of innumerable phyſi- 
cal circles parallel to Lak. as repreſented at 4, 
the ſame reaſon holds for every one of theſe cir- 
cles as for of . It follows then that the bright 

6h viſible at 6, when reduced to 


will be equal and ſimilar to a perpendicular ſec- 


tion of all the rays incident on that part, 4 4 


ſented at C by the creſcent pg 4 7p. Now the whole 


whoſe center is at the eye, N of that 
ſurface which appears to be poſſeſſed by the in- 
lightened part of the moon. 
Upon Ax r. 97. 
101. This magnitude of a ſenſible poi 


the retina was computed by the rule in art. 334 
with the numbers in remark 22. 


* 


b Selecta ex 
Archimede 
Theotema- 
ta ſub ſine f 
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Fig. 20. 
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8 Upon Chapter 4. concerning vifion with glaſſes. 


Upon Ax r. 118. 


| — it muſt be viewed by light tranſmitted 


it. This indeed is ſome advantage in 
glaſſes that magnify bur little, in others none at 
all ; that diſtance. from the lens being fo very 


 - ſmall, But opake objects may be better obſerved 


double microſcopes, in which lye far- 
9 from you, and 2100 farther — object- 
glaſs; and this indeed is one of their chief ad- 
vantages above ſingle microſcopes ; which ge- 
nerally exceed them in the power of magnify- 
ing. | L 

Upon Ax r. 120, 121, 122, 123. 


theſe books he £ 


1609, by a certain ſpectacle · maker in that city ; 


| | | — either by Jobs Lippenbeim, whom Sirturus men- 
Siogleand 102, M. Hagens obſerves that a convex lens tons, or elſe by Zacharias whom Horellus makes 
double mi- has ſome advantage over a little globule that the firſt inventor of them, in his book de Vere 
— pag J. magnifies as much: becauſe the diſtance between f. eleſcopii in ventore. The teleſcopes then made 
e the object and the lens is three times greater than by theſe two artiſts, were but a foot and a half 
8 between the object and the neareſt part of the long. Nevetthele it is certain that Jobs Bap- 
9 * = and _ 9 —— tiſta Porta had delivered ſome ſketches of this 
ioptr. a fide light to fall upon the object; by whi in hi ptrick aura 
Prop. 59+ its colours may be obſerved ; otherwiſe, if tran- S 4 


ich, printed 15 years before any teleſcopes 
a 2 by either of theſe Dutchmen. In 
[peaks of, certain inſtruments of 
his that ſhewed very diſtant objects as if they 
were near at hand; and of combining concave 


and convex lenſes b. But that he made no great b Magia 

progreſs in this art, is hence evident, that in all Naw:z lib. 
that time it did not become famous; and that 17. cap. 10. 
he did not diſcover any of thoſe. thi 
heavens, that were obſerved. afterwards. And 


in the 


this ſhews that his invention was not,owing to 
his ſkill, but to ſome accidental experiments. For 
though he had ſome degree of knowledge in 


Hiftory of © 164. Weare obliged to Hagenius for the moſt mathematicks, yet he did not underſtand thoſe 
che 3 judicious hiſtory of the invention of teleſcopes fundamental principles and abſtruſe theorems in 
ee tele, and microſcopes; which I will here tranſlate, and dioptricks, that are neceſſary to invent a tele- 
Dioprrie, make ſome additions to it.. The moſt valuable and ſcope by reaſon ; and much leſs did thoſe illite- 
page 161. . of all the ſubje&s that are handled in rate mechanicks that I mentioned before, But 
joptricks, is the theory of teleſcopes, The no wonder that good luck and cafual experi- 
worth and excellency of this great and noble in- ments ſhould produce this eſſect; after ook 
vention, can never be ſufficiently declared and and concave glaſſes, for defeQiye eyes of bot 
' commended. For to ſay nothing now of it: o- forts, had been commonly uſed for above 300 | 
ther uſes, how great is this one, that it has o- years e It is rather ſurpriſing that ſo obvious a Rem. 67. 
pened a way to various ſubjects of contempla- thing ſhould be ſo long unknown. ** 
tion upon the heavens, which could not be in- 105. But as ſoon as the fame of theſe dutch Teleſcoyick 
veſtigated by any other means. Hence many teleſcopes was ſpread abroad, Galileo immediate - obſetva- 
wonderful things in nature, and in a word the ly made others of the like ſort, and ſoon after tions by 1 
whole ſyſtem of the univerſe, is laid open to our much better; by which he firſt diſcovered thoſe 0 = 
view: ſo that in what region of it this earth of celebrated ap in the heavens ; as the 
ours and we its inhabitants are placed, is now no mountains nd valleys in the moon, the ſpots in 
longer doubtful but indiſputably certain. And in the ſun, and thereby his rotation about himſelf ; 
my opinion the wit and induftry of man has not the ſatellits of Jupiter; the phaſes of Venus like 
; uced any thing ſo noble, and ſo worthy of thoſe of the moon, and their various apparent 
| is faculties, as this ſort of knowledge: inſo- magnitudes ; the great difference between the 
| much that if any particular perſon had been ſo apparent diameters of the planets and of fixt ſtars; 
[ diligent and ſagacious, as to invent this inſtru- and of theſe àa much greater multitude than had 
| ment from the principles of nature and geome - ever been known. He alſo obſerved the phæno- 
| try; for my part I ſhould have thought his abi- mena of Saturn as well as he could with ſuch 
lities were more than human. But the caſe is ſo ſhort teleſcopes ; but could not diſcover his true 
far from this, that the moſt learned men have ſhape, nor any one after him for, many years. 
not yet been able ſufficiently to explain the rea - For though th had lengthened their tubes ve- 
ſons of the effects of this caſual invention, ry much, yet they improved their power and 
——— 104. There are ſome that give the praiſe of efficacy but very little. As to my ſelf, I under- 


the firſt invention of this inſtrument, though cer- 
tainly caſual as I obſerved, to James Metius a 
Dutchman and citizen of Alemaria. But to my 
certain knowledge, teleſcopes were made before 
this, at Midalcburgh in Zeland about the year 


took this buſineſs with a better proſpect of ſuc- 
ceſs; and after I had acquired a thorough know- 
ledge. of the laws of refraction, and had made 
my own object · glaſſes and teleſcopes above twen- 


ty feet long, with theſe I diſcovered the true 


67. 
ick 


nd 


nA. REMARKS UP ON: AR r. 120, 121, 222, 223. 19 


forms. of ſaturn, never ſeen before ; and the cauſe 
of tham to be a ring ſurrounding} his body ; the 


+ like of which is not to be found in any other 


a Syſtema 
Saturnium. 
Haga 1659» 


By , theſe, about ten years 


Teleſcopes 
improved 
by Huge- 


is ſo ſtupid as not to 


net I alſo diſcovered a fatellit tevolving a- 
t him in 16 days ; all which I publiſhed 26 
years agg in a treatiſe by it ſelf a, By the encou- 
ragement of theſe diſcoveries Aſtronomers and 
Artificers went on to make longer teleſcopes ; 
the beſt of which are made by Campani at Rome. 
er, Caſſini had the 
ood fortune to diſcover two more ſatellits be- 
es mine. He alſo obſerved ſome ſpots in Ju- 
piter and Mars, by which he determined the 
times of their rotations about themſelves. 
106. Theſe are the preſent improvements of 


this noble inſtrument ; and this is a ſummary of 


thoſe things in. the heavens, which it has re- 
vealed to the inhabitants of the earth. And, who 


cellent they are? and who does not underſtand, 
that has any philoſophy, what a light they afford 
to the contemplation ofnature? Certainly we may 
. N the happineſs. of the preſent age, 
for ſo 

famous and excellent men, Copernicus, Regio- 
mantanus, Braheus, ſo lately excluded from it, 
what an immenſe treaſure would they have gr 
ven-for it ? And thoſe ancient philoſophers, Py- 
thagoras, Demecritus, Anaxagoras, Philolaus, 
Plato, Hipparchus ; would they not have tra- 
velled over all the countries in the world for the 


fake of 4 warm ſecrets of nature, and of 


enjoying ſuch 
" — ſhortly expect a diſcovery 


b Art, 892, 


Their mag- 
nifying 
power not 
yet demon » 


ſtrated. 


mentioned, to fave peog 


hts as theſe ? and perhaps we 
of many more 
quite new ones, by practiſing a late inven- 


tion of mine for uſing a long teleſcopick glaſs, 


without that exceſſive trouble in managing thoſe 
long and weighty tubes, and indeed without any 
tubes at all; it being as eaſy now to obſerve 
with an object-glaſs of 100 or 200 feet focal di- 
ſtance, as it was before with a tube of ten feet b. 
Eſpecially fince many perſons have now under- 
taken to cultivate the art of grinding and poliſh- 
ing ſuch large glaſſes ; which I alſo after a long 
— have reſumed again with good ſuc- 
107. But now for the cauſes and properties of 
this artificial eye, which are not yet ſo bappily 
explained, The chief thing ſtill wanting and no 


yet demonſtrated is this. Having the form and / 


poſition of the lenſes, to find the -manner and 
meaſure. by which they magnify objects. For 
Kepler has not done it, though highly commen- 
dable for his new diſcoveries in his dioptricks. 
Nor had Des Cartes better ſucceſs ; for in truth 
he is quite miſtaken in his method of demon- 
ſtrating the effects of teleſcopes. This indeed 
is hardly. credible of ſo great a man and fo con- 
verſant in theſe things ; yet it was proper to be 

— the of endea- 


receive how great and ex- 


great acquiſitions of knowledge. Thoſe - 


vouring to underſtand what can never be made 
ſenſe of. And though many others have ſince 
been labouring at the fame problem, which is 
the chief of all, yet none of * 7 have been able 
to ſolve it. 


108. So far Hugenius. Borellus in his book de Additions 
Teleſcapii inventore® has printed theaffidavits of ſe- to the hi- 
veral inhabitants of the city of Middlebargh, ſtory of te- 
made before the Conſuls in the year 1655 1 lſcopes. 
wherein the ſon of Zacharias Fanſer atteſts, that . 9 


his father, a ſpectaele - maker of that city, made 
teleſcopes in the year 1590, as he had often 
been informed ; and preſented one of them to 
Prince Maurice and- another to the Arch-Duke 
Albert; and that Metins and Drebel in the year 
1620 came to Middleburgh and bought of theſe 
teleſcopes 3 Which at firſt were but 16 inches 
long. Another atteſts upon his own knowledge 
that his neighbour Hans Lipperbey, a ſpectacle- 
maker in the ſame city, made teleſcopes before 


the year 160g 3 two others ſay before the year 


1609 or 1610. Likewiſe Antonius de Rheita in 
his Ocalus Enoch & Elia publiſhed at Antaverp 
in 1645, fixes Lipperbey's invention in the year 
1609, and that he caſually hit upon it, by — 
— to look through a concave and a convex 
pectacle glaſs, both at once, while he held them 
in each hand ; that he himſelf upon Kepler's 
thought, made the firſt inverting teleſcope with 
a convex eye-glaſs ; which takes in much more 
at a view than the other ; that he alſo invented 


and perfected the Binocular teleſcope 4, which d Art. 974 


ſhews things much more bright and vivid and 
ſcemingly larger too than a fingle teleſcope. 
But Fontana in his Nowe obſerwationes celefliium 
& terreſtrium rerum, printed at Naples in 1646, 
fays that he invented the inverting aſtronomical 
teleſcope in the year 1608, three years before 

lers dioptricks were printed. But his friend 
Zupus only teſtifies that this author ſhewed him 
one of them in 1614. 


109. Galileo has given us the following ac- Galilee a 


count of his part of the invention of teleſcopes in 


his Nuncivs Sidereus publiſhed by him in March ego 
1610.“ Near ten months ago it was reported 064g fy 
that a certain Dutchman had made a perſpective, * 


through which very diſtant ohj ects appeared di- 
ſtinct as if they were near; ſeveral experiments 
were reported of this wonderful effect, which 
ſome believed and others denyed. But having 
had it confirmed to me a few days after, by a 
letter from the noble Fames Badovere at Paris, 
I applyed my ſelf to conſider the reaſon of it, 
and by what means I might contrive a like in- 
ſtrument, which I attained to ſoon after by the 
doctrine of refractions. And firſt I prepared a 
leaden tube in whoſe extremities I fitted two 
ſpectacle- glaſſes, both of them plane on one fide, 
and on the other fide, one of them ſpherically 
convex, and the other concave, Then applying 
2 my 
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my eye to the concave, I ſaw objects appear pret- 
ry large and pretty near me; they appeared 
three times nearer, and nine times targer fin fer 
face] than to the naked eye. And ſoon after I 
made another which repreſented objects above 


60 times larger; and at laſt having ſpared no 


Labour nor expence, I made an inſtrument ſo ex- 
cellent as to things almoſt a thouſand times 
larger and above thirty times nearer than to the 
naked eye. Whoever would be ſatisfied of the 
truth of the obſervations I am going to relate, 
muſt have an inſtrument that ſhall make things 
appear 20 times nearer at leaſt, Which he may 
be ſure of by this experiment. Let him make 
two ſquares or two 


than the other, as it will be diameter 


made 20 times longer; then having fixt them 


both upon a very diſtant wall, let him view them 
both at once, that is the leſſer with the a 
Rive and the larger with his other eye, which 
may be done conveniently enough with both 
eyes open at the ſame time; and then the two 


Papers will appear equal in bigneſs if the inftru- 


ment magnifies as was expected. EIT 


110. He adds in his Saggiato 
at Venice when he heard of the effects of Prince 
Maurice's inſtrument, but nothing of its con- 
ſtruction; that the firſt night after his return to 
Padua he ſolved the problem, and made his in- 
ſtrument the next day, and ſoon after preſented 
it to the Dege of Venice who to do him honour 
ſor his grand invention, gave him the Ducal 
Letters, which ſettled him for life in his Le- 
Qutureſhip at Padua, and doubled his Salary ; 
which then became treble of what any of his 
predeceſſors had enjoyed before. So far Galilee ; 
whoſe beſt teleſcope fo famous for its grand dil- 
coveries, may be reckoned about a. yard long, 
as appears by art. 364. | . 

111. Hitherto we have made it appear that 
con's pte teleſcopes were certainly in uſe ſoon after the 
rence co beginning of the ſeventeenth century. Let us 


2 now conſider what pretences there are for a 
greater antiquity of this invention. Mr. Wilkam 


mined. Molyneux has told us that Frier Bacon who dyed 
in1 292, did underfland all forts of optical glaſſes 
perfedtly well; and knew likewt 
combining them, ſo as to : ſome ſuch inflru- 
a Rem, 81, Vent as our teleſcope®; and his ſon, the Honour- 
able Samuel „ has declared his opinion 
rather more expreſsly, that the invention of te- 
leſcopes, in its * firſt original, «vas certainly put in 
practice by an Engliſhman, Frier Bacon; although 
its firfl applicaiion to aftronomical purpeſes may be 
Juftly attributed to Galileo b. To examine this 
Þ Art, 781. opinion of theſe learned and judicious perſons, 
Chap. 2- which has ſince been followed by ſome others, 
it is neceſſary to tranſcribe a whole chapter of 
our author's upon viſion by refractions, which 
Ti: 


facili patet per canones ſupr. 


ons rn 07 joy on ny 
if its 


fitus appareret prope 
1 


the a of 


immediately follows after his diſcourſe upon vi- 
| | Opus Ma. 
ora ſunt. Nam de 


— 


ſion by reflections ©. 
112. De viſſone fratta 


— 10s, quod by 0m 
unt apparere minima, t contra ; e 
anti videbuntur propinguiſſime, & ec * 

am poſſumui fic figurare perſpicua, & taliter ea or- 
dinare reſpectu noftri viſus & rerum, quod frangen- 
tur radii & flectentur quor ſumcunque rimus 3 
ut fub we voluerimus, videbimus 
rem vel 
tia legeremus literas minutiſſimas ; & eres 
ac arenas mumeraremus er tudinem an- 


i videremus tatem 
2 fo a 
modi viſiones nifi per accidens, ſed quantitas an- 


Vi 

gui. t fic poſſet puer apparere gigas, & n 
videri i quantitate-; 

ſecundum quod poſſemus hominem — ſub angu * 


i mons, & in quacu 


tanto ficut montem & prope ut volumus. Et 
parwvus exercitus videretur maximus, & long 
Ce contrs. Sic etiom face- 
remus ſolem & lunam & flellas deſtendere ſecun- 


dum apparentiam hic inferius ; & fimiliter faper 
tha; 


capita inimicorum appartre ; & multa conſimi 
ut enimus martalis ignorans veritatem non poſſet 


ſaſtinere. 8 


* # 


113. In Engliſh thus. Greater things chan 


tioned, that the greateſt things may appear ex- 
ceeding ſmall, and on the con 
the moſt remote objects may appear juſt at hand, 
and on the contrary. For we can give ſuch fi- 
gures to rent bodies, and diſpoſe them in 
ſuch order with 

jects, that the rays ſhall be ed and bent 
towards any place we pleaſe ; ſo that we ſhall 


e : fc ex incredibili di an- 


maxima corpora de 


to the eye and the ob- 


c 
jus Lond. 
733+ page 


357. 


ait ad hujufe © 


% 


What pro- 
theſe may be performed by refracted viſion. For blem: in 
it is eaſy to underſtand by the canons abovemen- viſion he 


thought 
> alſo that Alcable 


by refrac- 


tions. 


ſee the object near at hand or at a diſtance, un- 


der any angle we pleaſe. And thus from an in- 
credible diſtance we may read the ſmalleſt let- 
ters, and may number the ſmalleſt particles of 
duſt and ſand, by reaſon of the greatneſs of the 
angle under which we may ſee them; and on 
the contrary we may not be able to ſee the great- 
eſt bodies juſt by us, by reaſon of the ſmalneſs 
of the angles under which they may ap 
diſtance does not affect this kind of viſion, ex- 
cepting by accident, but the quantity of the an- 
gle. And thus a boy may appear to be a-giant, 
and a man as big as a mountain, foraſmuch as 
we may ſee the man under as great an angle as 
the mountain and as near as we pleaſe. And 
thus a ſmall army may appear a very great one, 
and though very far off yet very near us, and on 
the 3 alſo the ſun, moon and ſtars 
may be made to deſcend hither in appearance, 
— appear over the beads Wenn 


. For | 


* Herelaes 117. 


- 
— 


* 
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and many things of the like ſort, which would 
aſtoniſh UN FR . 
nd what 114 in regoing chapter upon 

by teflec · by reflections, he has alſo told us, that by ſeve- 
tions. ral ſpeculums properly diſpoſed, a ſingle ſol- 
dier may be multiplyed fo as to appear like an 

army; and one army like many Armies, for ter- 

rifying infidels and enemies; that ſpeculums 

may be raiſed up on high againſt oppoſite armies 

- cities, ſo as to diſcover all the enemies hid- 
den tranfaQtions ; and that this may be done 

from any diſtance whatever. Becauſe by the Book 

upon ſpeculums, one and the ſame thing may be 


ſeen by reflection from as many ſpeculums as we 


leaſe, if they bediſpoſed in proper ſituations; and 
8 * placed nearer and ſome 
farther off; ſo that the object may be ſeen from 
any diſtance whatever, aut videremus rem quan- 
tum a vellemus. 
They are 115. J have added this extract to the other 


much alike. paſſage, to ſhew that his thoughts about the 


. manner of executing theſe d by reflections 
and by refractions are much alike ;. as is evident 
from the paſlage laſt mentioned com with 
this, fgurare perſpicua &taliter ea ordinare reſpe- 
Au noftri viſus & rerum, quod frangentur & fleten- 
tur radii . we voluerimus, to diſſ 
. 47 * 

and objects, that the rays 
bent towards any place we pleaſe. 
His folu- 116. It ſeems then as if he did not think of 
lan of performing theſe problems by a fingle portable 


them im. inſtrument like a teleſcope ; but by fixing up 


ſeveral glaſſes in proper places at large in 
from one another; which would certainly prove 
ine ſfectual. Becauſe no ſurfaces can be figured 
and poliſhed ſo perfectly, as to reflect and refract 
light to very great diſtances, without great aberra- 
tions, or ſtraglings of the rays, from the places or 
oints intended; and theſe ene 2 
increaſed by the interpoſition of more glaſſes; 
to ſay i of the loſs of light at every fur- 
face, and of colours generated by refractions from 
fuch great diftances ; ſo that the object muſt ap- 
pear at laſt ſo faint, ſo deformed and confuſed as 

do excite no determinate idea, .. 

at he mentions of Julius Ceſar a, 
» fat im- that he raſſed up ſpeculums to a great height 
pratticable upon the coaſt of France, to diſcover the diſpo- 
by ſpecu- ion of the cities and campe in Eng/and, when 
g was going to invade it, is re impracti- 
albid. p. | cable; and probably a fiction, if there be not a 
517* "© miſtake in the interpretation of the word fpecula 
for glaſſes inſtead of a watch-tower. The fame 
is to be underſtood of the ſtory mentioned by 


b Magia Na» Porta, that Prolomy by ſpeculums could diſcern 


tut. lib, 17, ſhips at the diſtance of fix hundred miles; 
Pe 11. _ which could a eee by our beſt 
teleſcopes. Mr. Waller imagines he had his in. 


telligence by /peeulis or watch-towers, placed 


. through 


at ſeveral intermediate diſtances ; where ſeveral c later, 
ſigns might be given and received ſuoceſſively Er- and 
from the firſt to the laſt e. Dr. Hook has given 4 1 
us ſome ingenious thoughts upon CO by * we 


ſigns at a great diſtance in the ſame a, d Ibid. p, _ 


118. But to return to eur author, conſidering 142. 
the falſe notions he had from the ancients about 
diſtin and confuſed viſion ; the falſe principle He was not 
he maintains, that the a t magnitude of an qualified ro 
object is as the angle ſubtended at the eye by invent 2 
its image, and reciprocally as the diſtance of the **leſcope 


— 


image too; and Bly the falſe concluſions he W eo. 
: 


has drawn, and m ys draw, from theſe 
principles ; as I have ſhewn in his attempt up- 
on making ſpectacles © ; it was certainly next to Rem. 87. 
impoſſible for him to have invented by theory 
a. much _ and _ dn d 1 
mean a te of any ſort. I Mr. Moly- 
feux ſays it is manifeft he knew what a concave 
and a convex glaſs was *, But this does not appear f Rem. 82. 
from the paſlage there cited, nor from any other 
that I have yet met with. Mr. Molyneux was 
miſled inaccuracy of the author's lan- 
guage. Si vero corpora non /int plana, 4 
viſus videt, ſed ſpherica, 2 magna roo 
tas; nam vel concavitas corporis eff vrrſus ocu 
2 convexitas &c. inſtead of this he ſhould have 
vero corporum ties non fint 2, 

per 4 viſus videt, 5 &c. For 15. 
whole chapter he treats of nothing elſe but the 
appearance of an object through a fingle con- 
cave or convex furface of a large body or me- 
dium, the object being placed within it and not 
er fed nor do I find that he has ever con- 

ered the ap of an object placed at a 
diſtance beyond a refracting body of any ſhape. 
ee. 1 _ ns of the ſun's 
rays ugh a , to how they burn Ma- 
things & ; but not a word how an object appears jus pa: 67. 

it. 397» 

119. Beſides, I have ſhewn above, that he ne- nor by er- 
ver had handled a convex e vg when periments 
he wrote a paſkge in this 
without a variety of lenſes he could try but few lenſes. 

; h Rem. 23. 
experiments, and could never have hit upon a 
8 of them for a teleſcope. In- 

Dr. Febb the editor of the late edition of 
the Opus Majus, in his dedication to Dr. Mead, 
produces a paſſage from a manuſcript i to ſhew i MS. Cot. 
that this author actually applyed teleſcopes to Ti: C. V. 
aſtronomical es. N magis quam hac WE. 
oporteret homines , qui bene, immo optime, ſei- = 
rent per ſpecti vam & infirumenta jus, quia 
infirumenta 4 non vadunt nift per vi- 
nem ſecundum leges _—_ ſeientia. To this it may 
be anſwered, that the ancients had ſome occaſion 
for perſpective in plain inſtruments, before the 
invention of teleſcopick ones. But as this paſ-' 
ſage ſtands alone, it is not eaſy to know the in- 
tent of it ; however had there been any mo 


treatiſe b 5 and for want of 
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22 REMARKS U'PON AR T. 120; 121, 122, 123. BOOK t. 


te like purpoſe, no doubt this gentleman, ſo 
moch verſed in this author's works,” would have 
found them out and obliged us with them. 


Hisimagi- 120. In ſhort this author - ſpeaks only h 
3 thetically, ſaying that glaſſes may be —— 
* object may be magnified ſo and ſo; but never 
aſierts one ſingle trial or obſervation upon the 
ſun or moon, (or any thing elſe,) though he men- 
tions them both. On the other hand he con- 
ceives ſome effects of teleſcopes that cannot poſ- 

ſibly be perſormed by them. 
How-he 121. If it be aſked how he came by theſe 
came by notions; I anſwer from the common doctrine 
_—_ of refracti in his Canons, and from common 
: appearances by refraction and refleftion ; eſpe- 
cially from concave ſpeculums, whoſe effects 
were well known to him, both by the accounts 
of them in ancient authors, and by his own experi- 
ence. And this I take to be a ſufficient ground 
for a man of good ſenſe and fancy to produce all 
that he has ſaid. I conclude then that the time 
of the invention of teleſcopes was not earlier 
: than the beginning of the ſeventeenth century. 

"Hiſtory of . 122, I will add the hiſtory of the invention of 
che inven- microſcopes written by Hagenizs. It is probable 
=_ of mi- ſays he, that the uſe of ſimple microſcopes, for 
: — _magnifying objects with a ſingle globule or a 
Dioptr. p. little lens, was knownſoon after the invention of 
221, teleſcopes ; but the contrivance of compound mi- 


croſcopes, being leſs obvious, ſeems to have been 
about ten years later. It does not appear that 
theſe microſcopes were made in the year 1618; 
becauſe Syrturus, who publiſhed a book that 


year about the origine and conſtruction of tele- 


ſcopes, would hardly have been filent upon ſo 
remarkable an invention, if it had been then 
known. Fontana indeed lays claim to it from 
the year 1618, in his book of Obſervations pub- 
liſhed in 1646 3 but the teſtimony of Syr/alis 
-there printed, goes no higher than the year 1625. 
But that my countryman Drebelius made theſe 
- com microſcopes at London in the year 1621, 
J have often been informed by ſeveral eye-wit- 
neſſes, and that he was then reckoned the firſt 
inventor of them. For nothing hinders but bot 
theſe perfons may have hit upon the ſame thing, 
by trying various compoſitions of glaſſes, though 
N the cauſes of 
123. So far Hugenizs, who demonſtrates the 


of teleſcopes in this manner. The glaſſes. 
as uſual“, in their axis E L 


Another _. 
demon 3 
tion of te- L, E being 


leſcopes, ced forwards, take LN equal to Lg, the 
Fig 214243. diſtance of the object-glaſs LM. Then an 
'@ Art. 120. ray as P. NM which through N, and fall 


. 123- upon the objet-glals LM, will be refracted 
through it into a line MA el to the axis 
LE; and falling upon the eye-glaſs AE, it will 
be refracted to 5 — | focus O; or elſe will 
«liverge from it, if this be concave; There- 


fore in both teleſcopes, the object P2 appears 
under the angle AO E, and to the naked eye at 
N, under the angle PM and fo the appa- 


rent magnitude is to the true, as the angle 40 E 
to PNA or LNM, that is, ſince L uals 
AE, as the focal diltance LN, to-the focal di- 
ſtance ZO. Att. C. 


124. If two more equal glaſſes BF, CG rig. 23. 
FFP 
in art. 121, and O be the common focus of the Sw 
glaſſes HE, BF; the ray AOB will again be re- 
fracted into a line BC parallel to the axis 3 and 
conſequently will be refracted through the laſt 
eye-glaſs to its principal focus D; where the eye 
being placed, will ſee the object upright, and 
noguited juſt as much as before; becauſe GD. 
being equal to FO, the angle CDG is equal to 
BOFor AOE. | 

125. This excellent compoſition of glaſſes: Cotonrs op. 
was invented by ſomebody at Rome, probably pear in tele- 

Campani b. It is uſual and uſeful to put à ſcopes. 

te with a round aperture in it, at the place of b Phil. 
the firſt image at q or of the ſecond at 2, to Tank Ne. 
circumſcribe the viſible proſpect, and to cut offt 
the colours from the edges of it; though the 
are not more apparent in this teleſcope with 
three eye-glaſſes with one; but rather leſs. 

For though there be more refractions, yet the 

colours generated by the refractions at the two 

firſt glaſſes, made both the ſame way, are ſome- 

what corrected and contracted by th refractions 

at the two laſt; being both made the contrary | 

way to the former ©. For the edge of a lens has c Ari, 171, 
the like effect as the edge of a priſm. * pes 

126. Hitherto we have ſuppoſed the interval A more ge- 
LE between the two convex glaſſes to be to netal de- 
the ſum of their focal diſtances. Now let this in- monſtra- 
terval be bigger or leſs, as is requiſite for defeQtive [93 of ©: 
ces, and let EF be the focal diſtance of the 5g. 14, 

ye-glaſs, and £q that of the objeQ-glaſs; I fay g ,Þ 
3 magnitüde will be to the true as d Art. 1b. 
LF to FE, that is as the interval of the glaſſes 
diminiſhed by the focal diſtance of the eye-glaſs, 
to the focal diſtance of the-eye-glaſs. For the 
axes of all the pencils which paſs through L, as 
P LA, will be refracted by the eye-glaſs to a fo- 
cus G, where the eye being placed will ſee the WIR 
whole object 'P2, though aperture of the { ths 
pupil and of the obje&-glaſs be never-ſo-ſmallz 

the object PQ will appear under the angle 
AGE. But L being a focus of incident rays u 10 
on the eye-glaſs, we have LF: LE:: LE: LG An. 119. 
and disjointly-LF:FE :: (LE : EG:: the angle ; 
EGA, to the angle E LA or PL“) as the ap- Att. 60. 
parent magnitude, to the true. Att. 43. 

127. Hence according as the interval of the | 
glaſſes is greater or leſs than the ſum of their 
2 ad 
true, in a greater or portion. | 
the focal diftances. 2 | l 

128. 
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128. When the telefcope is lengthened, the 
place of the image or focus q is farther from the 
e-glaſs than its focal diftance ; and therefore 
this glaſs will make the emergent rays conve 
and — a ſecond _ picture we 2 
. obje&t „upon any White ſurface, placed at 
5 the ſtage * which is a third paT anorraby 
A. 235. after gF and 15 . And the apparent magnitude 
of this picture, ſeen by the naked eye from a di- 
ſtance equal to « G, is the fame as if it could be 
ſeen diſtinctly from G- through the teleſcope ; 
the angles = Gs, and AGE being equal; and 
conſequently is ſomewhat greater than when the 
length of the teleſcope is adjuſted for diſtin vi- 
fion. The fame demonſtrations are applicable to 
Galileo's teleſcope. 

129. This is the way uſed by ſome aſtrono- 
mers, in obſerving eclipſes of the ſun and = 
upon his body ; which may alſo be obſerved in 
looking through the teleſcope, by applying a 
plane ſmoaked glaſs to the eye, or by iſmoaking 
the eye- glaſs it ſelf. In the other way the image 
will appear brighter if the end of the teleſcope 

- be put through a hole in the window-ſhutter of 
a dark room, And then if the round image u 
Dee IV equal to the a A 
jecl-glaſe, it will appear as bright as if the pa- 
per was illuſtrated by the direct light of the ſun ; 

ppoſing no rays were intercepted by refle&ions 
from the ſurfaces of the glaſſes. And therefore 
as much as the image is made larger than this, 
ſhortening the teleſcope a little, it will be 
much the fainter, and not quite ſo diſtin. But 
in this matter experience is the beſt guide. 

130. In the next book I have ſhewn the con · 
ſtruction of teleſcopes with three glaſſes, but 

thoſe made with two or four are the beſt, for 
ſhewing more of the object at one view, and 
leſs coloured about its circumference, as Huge- 
nius has obſerved a. An object may be ſeen up- 
right through two lenſes, but not diſtin nor 
much magnified and but little of it at one view ; 
and beſides, the diſtance between the glaſſes muſt 
be much greater than ordinary. 


* 


4 Upon Ax r. 125. 
Hiſtory of 131. Aſter the diſcovery of the true law of 
reflecting refraQion, according to the given ratio of the 
teleſcopes. 
b Rem. 4. 


fines >, Des Cartes and other mathematicians 
ſoon found that all the of a large pencil 
could not poſſibly be collected to a diſtinct point 
by any objeRt-glaſs compoſed of ſpheri 12 
ces v and that the aberrations of the rays from 
that point were increaſed with the breadth of 
the glaſs. And this they took to be the cauſe of 
the 1 indiſtinctneſs of an object ſeen in 
a teleſcope, when the focal diſtance of the eye- 
Elaſs is too much ſhortened. For as a ſhorter eye- 
Saſs increaſes.the area of the picture upon the 


retinas, it is neceſſary to inlarge the area of the 


e Art, 82. 


d Art. 126, 


obje&-glaſs for the reception of more light*; and e Art. 1294 
this — increaſes the aberrations of the 
rays in its focus, and conſequently in the picture 
upon the retina. 

12 Theſe aberrations, cauſed by the ſphe- Hyperbo-.. 
rical ſurfaces of glaſſes, were then thought the lick and el- 
om impediment to the perfection of teleſcopes ; liptical len- 
and this engaged the mathematicians in deter my la- 
mining what a glaſs muſt have to refra | * 
all the rays of a pencil to a given point; and Bd 
among others they found, that glaſſes figured ac- , cams 
cording to the ſurfaces deſcribed by conick ſe- Pioptr. 
ctions, turned about their axes, would have Cap. 8. 
that effect f. For example if F and G be the fo- Newtons 


cuſes of two oppoſite hyperbola's, whoſe axis Princip, 


CD is to FG in the ratio of the fines of inci- Phil. Lib. 
dence and refraction, ſuppoſe of 2 to 33 and 1 r 27 
if one of theſe hyperbola's AC B be turned a- 

bout its axis GCD, and a portion of the ſolid miete p. 
ſo generated be cut off by a plane 4B perpen- 101. 
dicular to the axis; then all the rays which fall Dechales 

rpendicular upon this plane will be refracted Tom. 3. 
y 1 AC8B to the outward focus F. pag- 681. 

133. This diſcovery preſently engaged all They do 
the mathematicians and mechanicks to contrive not anſwer 
engines for grinding and poliſhing glaſſes ac- tbe purpoſe, 
cording to the ſhapes of theſe conick ſurfaces; and 
amongſt the reſt Sir [/aac Newton himſelf, in the 
beginning of the year 1666. But having a curio- 
ſity at the ſame time to try the celebrated phæno- 
mena of the colours generated by refraction of 
the ſun's rays through a triangular priſm, by 
which he happily diſcovered their cauſes, he 

ently left to his glaſs works 6. For I ſaw, 8 Phil. 

ys he, that the perfection of teleſcopes was ee W. 
-hitherto limited, not ſo _ — want of — . 
truly figured according to the preſcription of op- 

Cc in (which all men fore boherts ima- 

gined,) as becauſe light it ſelf is a heterogeneous 
mixture of differently refrangible rays*. So that h Art. 2711 
were a glaſs ſo exactly figured, as to collect any &c. 

one ſort of rays into one point, it could not col- 

le& thoſe alſo into the ſame point, which hav- 

ing the ſame incidence upon the ſame medium, 

are diſpoſed to ſuffer a different degree of re- 

fraction. Thie, ſays he, made me take reflec- 

tions into confideration ; and finding them regu- 

lar, ſo that the angle of refte&ion of all ſorts of 

Tays Was — to their angle of incidence, T'un- 
derſtood that by their mediation optick inſtru- 
ments might be brought to any degree of per 

ſection imaginable; provided a refle&in - 

ſtance be found which would poliſh as 
2 glaſs, and reflect as much light as glaſs. 
tranſmits, and the art of communicating to it + ” 
parabolick figure could alſo be obtained, 

134- Amidft theſe thoughts, he tells us, he Newton's 
was forced from Cambridge by the intervening refleting - 
Plague in 1666, and . proceeded no farther - . 
above two years after. When having thought pe rag 


24 


a tender way of poliſhing, proper for nietal, by 
he perfected an inſtrument 6 inches long, 


| which magnified between 30 and 40 times, and 
7% wich he firſt deſcribed in the Phil. Tranſ. N.. 
So, and afterwards in his Opticks, page 91. 8*. 

And this is indiſputably the greateſt improve- 


ment that teleſcopes have ever received ſince their 
firſt invention. 
*Mr:Grego- 135. Nevertheleſs it muſt be acknowledged 
-<rie's was that Mr. Temes Gregorie of Aberdeen was the firſt 


=invenred inventor of a reflecting teleſcope. But his con- 
before it. gruction is quite different from Sir Iſaae New- 
ton 's, and not near ſo advanta as Sir Iſaac 

himſelf has ſhewn in the Phil. Tranſ. No. 83. 

Mr Gregorie deſcribes this tele at the end 

+ of his Optica 

was led into the invention of it, not by the con- 
ſideration of the different refrangibility of rays, 

avhich was not then known, but by an inconve- 
venience he 8 per- 

-Solick obje&-glaſs. For he obſerves that if i be 
ſufficiently broad, to receive light enough into a 

. © teleſcope that ſhall magnify very much, it muſt 

-of co e be thick ; and then the 

..cleareſt glaſs would hinder too much of the light 

from being tranſmitted. He might alſo have ad- 

-ded another 4 ara that — it will 

collect a pencil coming lel to its 

a "Dechale; ais into a fingle 4 it cannot collect the 
rom. 3. mays of an oblique pencil fo „ 1 a glaſs 
+: 586 cconfiſting of ſpherical ſurfaces will do; as has 
ls 3 and therefore ſphe- 


d Nuten been found. by experience 
Princip. lib. ical lenſes upon this and ſome other accounts 


n are fitter for optical uſes than thoſe of any other 


Mt. Hadley 136. Theſe refleQting teleſcopes were firſt 
brought brought to perfetion in practice about the year 

den = hl 1719. by the great ingenuity and induſtry of 

NN Jobs Hadley <; Sir Iſaac Newton's firſt, and 

. Mr. Gregorie's ſoon aſter; which in ſmall lengths 

p F com- 

.modious. The following deſcription of it differs 

from the author's chiefly in this; that he directs 

his larger reflecting concave to be made of a pa- 

rabolick figure, his leſſer of an elliptical one, 

inſtead of the ſpherical ſurfaces now uſed; which 

r 

Br, "Grego- 137. It is propoſed to make a reflecting tele- 

wie's pe with two concave metals and a convex eye- 

laſs and to ſhew its effects. Let the given focal 

of the leſſer and the concave and 

of the convex eye · glaſs, be reſpectively to 


Ang tele 
cope de- 

A «Kribed. 
W the lines t, T. 4 and in a given line cg Ci, de- 

| figned. for their common axis, take in one and the 


- ame direction, cr t, tgq==T, qC=—and 47 


29; and the eye · glaſs at i, the leſſer con- 
bus bug" ee 


REMARKS UPON AR x. 


promota liſhed in 1663 ; and 


theeye-glaſs 


of TC to tc, is. 


125. Books; 


rays, as PA, QB, be reflected from the larger 
to 4 9 and from thence to the 
larger again, where let them ha mo- 
derate hole made in the middle of it at C, and 
then be refracted through the eye ·glaſs 4 / to the 
eye at 03 I ay a remote object will appear di- 
ſtin& and upright and magnified in the ratio of 
Tx T tot x g; that is, of the ſquare of the focal 
diſtance of the larger concave, to the rectangle 
under the focal diſtances of the leſſer concave and 
of the eye-glaſs. 


138. For a pencil of A, 2B coming 
pare to the common v.40 Ut N reflected 

m the larger concave AC B to its principal 
focus T ; where croſſing one another and falling 
upon the lefler concave ach, they will be refle&- 

from it to the point g. For ſince the focal di- 
ſtance TC . = ig by conſtruction ; by taking 
away the common part Tg, we have eT=qgC= 
Xx 


A by conſtruction ; that is, we have 2T, fe, 
1 continual proportionals, as they flibuld be dg d Art. 207; 


Ae eee laſs 
#1, the a b ee from ꝗ will emerge from 
it in parallel lines, and therefore will produce a 
diſtin& appearance of the remote point 2 from 
N PE f the 

I t image o jet P %! ! 
formed by . Ar Lg AL =. 
it will be terminated by the line P ES, drawn 

E, the center of this concave, parallel 

to the rays P4, PA that flow from P *. Agai 
the rays that flow from this image ST, will be 
reflected from the leſſer concave and form a ſe- 
cond image pg 3 which will be terminated by the 
line Sep drawn through the center e of this con- 
cave; and the rays that diverge from p will e Au. 41h. 
emerge from the eye glaſs 4/ in the lines ho pa- 
rallel to the line p/, drawn through the center of 
the eye-glaſs*. T re the object P Q will ap- f An. 46. 
me upright, becauſe the rays 40 lye — the ſame 

e 0 common axis 2/7o as the point P 
from which came. VL 

140. In the ſecond image pg take a line 47 e- 
qual to the firſt image TS ; and if the image pg 
was equal to gs, the object would a 
the! under an angle equal to 3d. ; which Art. 107. 
is to the angle P EA or SET, under which it ap- ***: 
pears to the naked eye at E, as TE or TCtog/*; An. 60. 
ind fo the obje@t would be inegaied in the time 
ratio as in Sir aac Newton's teleſcope. But 
fince the triang'es epg, eST are fimilar ; and fince 
we b te (as te ri disjointly as mo | 
£9 to 7, that is,) as 5% toST orgs; it a 13 4 
that pq is bi 8 ine 
gle hol or 544 bigger Som ls, in the faid ratio 
of tq to te. And ſo the object being farther mag- 
nified in this ratio of ꝗ to te or, by con i 
ed in the whole in the 
compound ratio of TC to tc ETFs. 


Att. 215, 


7. 


97. 
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that is in the ratio of 70 ſquatey to the rectangle 
under re and g. 1 
141. The magnifying power may alſo be de- 
New. monſtrated in Mr, Huygens's manner* ; that is, 


123» by conſidering a ray of an oblique pencil to go 

rallel to the axis between the leſſer concave 

| and the eye-glaſs, and by determining the ratio 
44-4 of the angles in which it will cut the axis. 

To adapt it 143, For viewing near objects the little con - 


io a near cave muſt be removed a little from the large one 
object. by the contrivance mentioned in Art. 924. Re- 
cauſe while a remote object approaches, its image 
TS will alſo approach towards # ; and while #7 
is dim niſhed, its reciprocal #4 will de in- 

b Rem. deal b. | i 
2 „ . Therefore to fit this teleſcope for a ſhort- 


ſighted perſon, ſince the eye: glaſs is uſually fixt, 
fo AA ſpeculum mult | 8 . 
1 155 to the large one. For then the interval #7 
will alſo be diminiſhed and its reciprocal eg will 
increaſed ; and fo the rays will fall upon the 
 eye-glaſs diverging from a nearer point than its 
-Tocaldiſtance; andconſequently willemerge from 
/ - - Fit diverging upon the eye. 1 
A more ge- 164. By { farther contraction of the interval 
zeral cule between the concaves, the image pg may be pro- 
tor the - © "Jetted through the hole in the large concave, to 
mognifying any given place behind it; and by removing the 
powete eye. glaſs to the ſame diſtance from the ĩmage as be- 
— fore, the viſion would become diſtinct again; and 
the object would be more magnified than before, 
as much as the ratio of eq to te or tc is made big · 
ger than the ratio of 7 C to te; as appears by 
» Rem, "the demonſtration“. But by enlarging the image 
14 Init becomes more obſcure and imperfect, as 
mall be ſhewn hereafter, and conſequently the 
appearance of the object leſs bright and diſtinct. 
HBeſides, as the image becomes larger, the leſs of 
it, and of the object, can be ſeen at one view. 

- - _*Uhrough a given eye-glaſs. | 
The viſible 145. All things being fixt in their places, the 
bad a diameter of an object taken in at one view, is 
2 — 4 1 to the breadth of the eye glaſs, 
tlas. f the hole in the large concave does not limit it. 
For the angle of reflection pre, at the middle 
point of the leſſer concave, being equal to the 
angle of incidence &; it appears, that While 
pg and #/ are increaſed or diminiſhed in any ra- 
tio; the image N and the object P will alſo 

= increaſed or diminiſhed in the ſame ratio. 

1. inlaed 15. Now ifFan-eye-glafs of a given focal di- 
* eye- ſtance and convexity, be made very broad. it will 
become too thick ; and fo the rays will fall too 
obliquely upon one or both its furfaces near the 
margin of it; and this obliquity will! cauſe too 
many of them to be reflected, and the reſt 
chat are tranſmitted, to be too much refracted, 
in compariſon to thaſe pencils that paſs through 

e Att, 73. the milk of the faid lens ©. Therefore to in- 


> 


JV 


vr ow AA T. 125. 


line fat drawn through the center of this gl 


The breadth. of this latter hole muſt. he no big- 


" it fo, thattherays ſhall be reflected from the given ved. 


and will be the 


5 1 2 
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to project the image py two or three inches Fig. 31. 30 
i hole in the 7 concave, and to i- 
tercept the rays that are tending towards it, with 
a thinner and broader convex glaſs I put cloſe 
to the backſide of this concave ; Which glils 
will cauſe the rays to converge quicker. than be- 
ſore, and to ſorm an image v nearer to it, and 
ſmaller, than pg both being. terminated by 53 
. d An. 6. 
'And then the rays of each peneil diverging from 
this new image vx, muſt be received by another 
convex eye · glaſs $3, that ſhall make them emerge 
towards the eye in parallel lines. A meniſcus glaſs, . 
whoſe convex 7 » pet Forces the ow 
verging pencils Tub, is fitteſt for this purpoſe 
becauſe the rays Ll paſs through its 8 
obliquely, than e of any other 
Cape. . 1715 Ht 115 * +45: 
147. Having the places and focal diftances of Tvis tele- 
theſe eye · glaſſes, Icould eaſily give a rule for find · ſcope come 
ing the magnifying power of the teleſcope 3, but pared with 
the meaſures of ſuch ſmall diſtances being liable common 
Art ie better to find it by experimens : dee Rem. 
either in Galileo's way of viewing two unequsl . 
circles, one with the haked eye ind the ot | 
through the teleſcope ; or by comparing this te- 
leſcope with a dioptrick one, whoſe magnifying . Yo! 
power is known or eaſier to be found . One of f Art. 16. 
theſe teleſcopes 16 inches long, is reckoned to 
22 as much as a dioptrick one of 15 or 16 
. 1 1 0 | 
148. To t collateral rays, that paſs 1 
the des of the ſmaller Wei Se 7 9 
hole in the larger, and thoſe alſo which are 1. 
flected from the imperfe& margins of them bot,, 
from entering into the eye; it is neceſſary to | 
place a thin plate with a; proper hole in it to cir- 
-cumſcribe the image at x, and alſo another very 
{mall hole at o, where all the pencils croſs one 
another immediately before they enter the eye. 


ger than that of the jour ve peneil at o, and 
the places of them both muſt be exactly adjuſted; 
otherwiſe the teleſcope Gn have no good effect. 


149. If the focal diſtance of the leſſer. con- some pre- 1 
cave be a given line t, and it be required to place blems ſol · 1 


focus 7 to a given point qz biſect 74 in , and to Fs; 36. 
mT erect a perpendicular Tx equal to the line 3 
and joining n, towards 7 ſet off mt equal to mmm; |. 
int where the focus of the leſ- 
ſer concave muſt be placed. For let a ſemicircle, 
deſcribed with the center m and ſemidiameter un 
or mt, cut the roms.” in x3 ww we harre 
S equal to 77, and conſequent equal to 
Fed bo have alſo-T = a middle y rtional be- 
tween the ſegments 7, Tx of the diameter , „ Fact. W 


i Theref that is, the focal diſtance ? or t is A middle pro- 3. 
creale he viſible area uf the Object, it is neceſſa- ene beoveen' £7 and 74, and therefore te 


HE. 


1 


— ; 1 A 


- 
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qs chat flow from T7. will be reflected from. the 
Att. 207, leſſer concave to the given point :?:: 


I 7 Hence alſo, if it be required to ind the 
5 Ne the leſſer e (OY $4 
ing at a given point , cauſe th 
rays to be reflected — a given dein Fin 
given point gz. biſe& 75 in m, and with the cen- 
ter m and ſemidiameter t deſerĩbe a circle, cut- 
ting an indefinite perpendicular erected from 7, 
in the point 1 and you have Tx» equal to the 
focal diſtance requires. ORE LPN 


151. The larger concaye,. and the. convex 
eyc-glaſs, and the interval Tg. between the two 
images of a remote object being given; if it be 
required to find. the focal. diſtance and place of 

> the leſſer concave,” that ſhall cauſe the — — 
to magnify the object in any propoſed ratio; fince 
this given ratio is com ed of the given ratio 


* + 
. 


* 


* Rem. 


of TC to g and of eq to te“, this latter ratio 1s 
144+ alſo given ; for which putting v to 1, take 27 


to Ty as 1 to '#n—1 7 and you have 7; then 

take tc to T as * to 13 7 you have the poſi- 

tion and magnitude of tc. For fince the unknown 

lines 7, fc, tqare continual proportionals in the 

en given ratio of 1 to , we have T torgas 1 to 

uel. VI. * disioi | — 

Ar and disjointly, 7 to Ty as 1 t0 2 — 1. : 

The little 152.” Teleſcopes of this kind are ſometimes 

concave made with a little convex ſpeculum inſtead of the 

fpeculum concave one. If their focal diſtances be equal, 

may be and the vertex of the convex die, be placed at e, 

changed for. where the center of the concave was, the tele- 

ne,  feope will magnify in the ſame ratio as before ; 

Fig. 34: but will ſhew the object inverted ; unleſs it be 

15 ſet upright by three convex eye · glaſſes, as in a 

dioptrick teleſcope. For a pencil of rays. con- 

verging from 9 concave towards ĩts focus 

F, being interce by-the little convex- de, 

will be reflected by it to the ſame point q as be- 

fore by the little concave bc. For the point # be- 

ing the principal focus of both theſe little ſpecu- 

lums, we have 7. te (or tc) and 724 continual 

proportional as beſofe a. Through any point 

| S of the firſt. image ST and through the center e 

of the little concave, draw Sep terminating, the 

b Art. 215. image pq; formed by this concave® ;.in like man- 

ner through c the center of the little convex de, 

and through the ſame point &, draw cr termi- 

nating the image gr formed by this convex. 


a Art. 207. 


Theie images gp, 4% lye on contrary ſides of the 
axis, and therefore the object appears in contra- 


ry poſitions. But theſe images are equal, and of 
conſequence the object appears equally magni- 
hed. For we have ge:; : le: :e: 
te τν J, chat is:: : T:: g: T. And the 


trriangles pegs Te S being fimilar, and alſo ger. 
Tes, xe have pgs ST (::eq:eT::cq <4; } 


+ $7 +$T 3, chereſore pg is equal to gr, 


R M ARK S UN OοN AR T. 


and therefore the figures LP R, LGFE ue 
ſimilar . Conſequently we 


FE: FL. Whence 2 17 
apparent magnitude of the ohject ſeen at O, i- 


ta its apparent magnitude ſeen at q as the angle 
40 or PR, to the angle Pa that is, as 


| * DL * FE, o 5 x * + 


- firſt is, that the aperture of the object u 
be increaſed to admit more light, which will d An. 1:5 
inereaſe the imperfe&ions of the image e and e Att. 8. 


or by viewing it through a *. 


3 
. 


„ 

Bek. I, 
pon ART 127. 

53. Hence we. may compute the-tnagnify- To com. 


- 


*% 


125 127. 


ing power of a double microſcope in 


is man- pute the 
ner. When the object ap 


rs diſtin, Meaſure magnify 
the diſtances L and LE, and alſo F githe fo- power of 
cal diſtance of the cyeglb Then by ſaubſtra&- double ns 
ing Eq from E L we have Lg, and aſſo the quo- wg 
tient of Lg divided by L2. Again by dividing 5. 
the meaſure of the leaſt diftance from which we 
commonly view minute objects, that is G or $ 
inches, by the meaſure of the focal diſtance E g, 
we have another quotient ; which being multi- 
payed by the former quotient, gives the num- 

r of times, by which the diameter of the ob- 
ject as magnified ; as 1 ſaid in the preſent arti- 
cle, For the triangles þ Lq, L Tbeing ſimilar, 
the object P is contained in its image , as often 
as LD is contained in Lg. But the rule bein 
more general than this demonſtration, 21 


ſuppoſes the rays of each pencil to emerge Nr. 
tel from the eye-glaſs, or the image pg to fall upon 
its principal focus, I will add another demon- 
ſtration of it. mne 

154. Let the image #4. Kall at any diſtance | 
Gt Boreas e e BY ig e. 
diſtance ; and with the center I and ſemilia- tion of 
meter E F, deſcribe an arch FG. cutting the axis double mi- 
PLA of any oblique. pencil, in G. Draw. GE, croſcopes. 
and 40 parallel to it; and the ray PLA will Fig. 35. 
be reſracted into the line 40 Draw R pa- * arr. 51, 
rallel to 40 or GE, and ſuppoing the naked | 
eye placed at any point ꝙ in the axis LOR pro- 
3 join P. Now ſince the angle LA or 
FLG® is very ſmall, the arch FG may be 
for a ſtright line perpendicular to the axis LE; 


* 


* Att. 4% 


N c Art. 204. 
—— But the 


nE 
29 to QR® or Fr— 
n 


3 chat is, as. 2x A 66 


1 1 | Hence it appears that the apparent Mag. VidGble ara 
= of the object may be increaſed, either by confidered. 


bringing it neaxer to the okject·glaſo, and conſe- 


uently by inlarging its image, or by viewing the 

— image through a ſmaller eye glaſs. But in 

this proceeding there are two 8 = 
m 


the ſecond. is, that the viſible area of the object 
will be diminiſhed, either by increafing the image 


—— — 


— — — — 


— — „ 
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A micto- 
ſcope with 
two eye 
glaſſes. 
Fig. 36. 

® Art, 51. 


Dr. Jurin's 
ſolution of 
Mr. Moly- 

neux's pto- 
blem. 


CHAP: 5. 
.eyxe-glab. The firſt limitation is conſidered 

er ſecond may be remo- 

ved as follow-s. 

1856. When it is required to ſee much of an 

object at one view, it is uſual to interpoſe a pret- 

ty broad convex glaſs 4 E, between the object - 


" glaſs Land the ama 28 by it. For this 


glaſs 4 E will contract the image pg into a ſhorter 
one wx, terminated by the line E; and then 


the rays that diverge from this image , may 


all be received upon a narrower eye-glaſs ae, and 
be refracted, to the eye at o, either into parallel or 
in diverging lines, as ao. When all theſe glaſſes are 
fixt at proper Ip * found by experi- 
ence, diſtinct viſion be procured by a gra- 
J alteration of E L2. Then let all 
the diſtances L.2 , L, Ee be meaſured, and alſo 
the focal diſtances. E F egy 6 _—_— 

es, by Art. 63 ; and by laying as LF to LT 
o LE to LJ, we have the line LI; and by taking 
Lf from it, we have I; and the a t mag- 
nitude of the object ſeen the micro- 


ſcope, will be to its apparent magnitude ſeen by 
* e ene e 22 
the raked eye rom the diſtance A5. 3 SB 
— . f | 
OT | 


* 


DD pon Aar. 132. | 

. 159. I muſt here make my acknowledgements, 
once forall, to my highly honoured friend the 
Tearned and judicious Dr. Tris, for obliging me 
with ſome of his curious remarks and diſſerta- 


| - Yons, written at my requeſt upon the ſubjects of 


Art. 132, 135, 137, 160.3 which I have ſpe+ 
cihed in the margin, as follows, - . 197 
160. It is a thing well known that when ſe⸗ 
veral ideas have been habitually joined and con- 
nected together, if one or two of theſe be acci- 
dentally preſented to the mind, the reſt of the 
claſs which have been uſually ſo connected, are 
immediately excited in us. In hot weather the 
ſight of ſun-ſhine is inſtantly accompanied with 
the ideas of heat and uneaſineſs, and the view of 
a grove of trees does as immediately: produce 


thoſe of ſhade and refreſhment. In winter the 


fight of the ſun, or of a fire in the-room we 
come into, is as readily followed by the ideas 
of warmth and pleaſure. 


1661. But this connexion or aſſociation of ideas 


is no, where more conſtant, and at the ſame time 
no where leſs attended to by the generality of 
mankind, than in the different ideas of ſight and 
touch, When a ſolid body is preſented to our 
view, the idea firſt and immediately excited in 
us, is no other than that of a various complica- 


AIR MAR KS UPON ART. 12, 132. 
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— 


ap 


157. For with the centers E, „and ſemidia- Fig. 37. 


meters E F, ef deſcribe the arches FG, ; and 
let the axis F LGA of an oblique pencil, cut FG 
in G; and joining GE, the ray LA will firſt be 


refracted into the line 4 / parallel to GE ® ; and * Art. fi. 


conſequently fince the triangles LG E, LAl are 


equiangular, we have LF to LE (or LG to LA.) An. 204 


as LE to Ll. Let the ray Al cut the arch in 
g. and the eye-glaſs ea in a, and it will be re- 
ſracted into a line as 


under the angle ae. But this angle abe or ſeg 


parallel to ge: and ſo Att. fi. 
the eye being placed at o will ſee the object P 


is to the angle flg as , to e; and again this Art. 60. 
angle /ig or FG is to FLG asFL to FE; Art, 60. 


and laſtly this angle Fl G or PLN is to Pa 


tios, the angle ace is to P — x = x fl 
© 2L x FE x fe, 61 8 85 x.FF xo 1. 
158. This middle glaſs Is only uſeful for ſee- 
ing more of the obje& at one view. For the more 
ſſes are uſed, the more light is loft by refle- 


Qions at their ſurfaces; and a fingle eye-glaſs will 


— more, and more diſtinctiy, than two of 


. 19 


pon Chapter g. Concerning our ideas acquired. by fight. 


tion of light and ſhade, which inſtantly raiſes 
in our mind the other ſubſequent ideas belong- 
ing to the touch, of ſolidity, convexity, or an- 
| age which have been uſed to accompany 
ch a ſenſation of ſight, or to- ſpeak in the lan- 
guage of the acute and judicious author of the 
Theory of Vifien, the viſible idea excites in us 
thoſe tangible ideas which have been uſed to 
along with it. And this is ſo inſtantly and im- 


perceptibly done, that we can hardly avoid 


eſteeming that to be a bare ſenſation of our 
which is indeed the act of our memory and of 
our judgement, the greater part of mankind 
thinking they ſee a globe to be convex and a cube 
to be angular, when really they only judge them 
to be ſo. The truth of this doctrine has been ſo 
well demonſtrated by Mr. Locke and the above- 
mentioned ingenious writer, and is ſo clearly con- 
firmed in this very chapter, — the 
curious obſervations of Mr. Cheſſelden, as to 

the matter out of all doubt. But I muſt con 

I do not ſee that the famous queſtion of Mr. 


him ſtated, concerning the - 


s A$S-I1t 15 
— and cube ſet before a man born blind and 
now made to ſee, is of any uſe towards eſtabliſn- 
px. — doctrine : nor could I ever bring my 
to think that he had rightly ſolved his own 
problem. I am not afraid to fay ſo, though Mr. 


D 2 


as 2N to ZL“. And by compounding theſe ra- * Art. 


Locke hizalelf has been pleaſed: to declare, "= | 


— — 


66 | 


. 


n 4 
4 -y | +4 - 6.38 * $ *% | 
n 
8 9 


= ? bo 
» \ - Q 
- > 4 
- 1 — 5 
33 4. . 422 
9 24 * p 
4 7 5 


4 


8 be ver with-that thinking gentleman. For not- 
" irkſtandivg this piece 22 


complaiſance, Mr. 
Locke's determination appears to me to be ex- 
preſſed in ſuch a manner, and with ſuch limita- 
tions not to be found in the problem propoſed by 
Mr. Moiyneax; as intirely convince me that the 
judgment of this 


% : widely different from that of his friend. In order 


Human 
Under- 
ſtanding. 
Book 2. 
Chap. 9. 
SQ. 8. 


to make this ap 


+4” 


more plainly, I fhalb here 


ſet down Mr. Molyneux's problem, with his de- 


termination Of it, and that of Mr. Locke, in their 
Effiy on 


own words, 0 ; 
162. * Supfoſe a man born blind," and now 
adult, and taught by bit touch to diſtinguiſh be- 
tavern a cube and a ſphere of the ſame metal, and 
ig hly of the ſame bigneſs, /a as to tell when he 
2 e other, which Ie cube, aubieb 
the ſphere. Suppoſe then the and ſphere 
ced on a tle, and 5 5 Blind man to be fo * 
Quzre, abet her is fight, before he touched 
them, he could now diftinguiſh and tell, aubich is 
the globe, which the cube, To which the acute and 


judicious Propoſer anſwers : Not. For * 4p | 
a 


has obtained the experiente of, how a globe, 

cube affets hit touch; yet he has not yet obtained the 
experience, that what affe&s his touch ſo or ſo, mul 
affect his fight fo or fo ʒ or that a protuberant angle 
in the cube that preſſed his hand unequally, ſhall ap- 
pear to his eye as it does. in the cube. I agree with 
this thinking gentleman, whom I am proud to call 
my friend, in his anſwer to this his problem; and 


am of opinion, that the blind man, at firſt ſight, 


would not be able with certainty to fay which 


awas the globe, which the cube, whilſt he only ſaw 


them 3; though he could unerringly name them by 


His touch, and certainly diſtinguiſh them y ili ; 
ke. 


difference of their figures felt. So far Mr. 

163. Here it is to be obſerved that by Mr. 
Molyntux, the blind man now Made to ſee, is 
debarred of no other help towards diſtinguiſhing 
which is the globe and. which the cube, except 


only that of touching thoſe bodies. He is left 


At full liberty to make uſe of his fight as he plea- 
ſes, to look at them again and again, and to view 
their ſeveral ſides by walking round them ; as 
likewiſe to uſe his memory and his reaſon, if 
they can any way aſſiſt him. Theſe laſt are fo 
far from being excluded by Mr. Molyveux, that 


-words of the problem and his determina 
it. For the blind man is ſuppoſed to be now adult, 
and to have obtained the expericnce of howy a globe 


2nd how à cube affefts bis touch ; though the au- 
'thor 1s of opinion that this experience will be of 
no uſe to him on the preſent occaſſſon. 


164. But does Mr. Locke allow the blind man 


all theſe advantages ? No. As ſoon as he is made 


40 ſee he requires him to pronounce, with cer- 
tainty at fi fight, which is the globe, which 
the cube; witzout, giving him leave do take a 


t and clear reaſoner was 


REMARKS UPON ART. 138, 


5 


Book 1. 


ſecond view, much leſs to recollect himſelf and 
to reaſon upon what he ſees. The queſtion there- 
fore determined in the negative by Mr. Locke is 


widely different from that propoſed by Mr. Me- 


lyneux ; and we have no reaſon to think that ſo 


accurate a writer would have made ſuch a ma- 


terial alteration in the conditions of the pro- 
blem, if, without doing ſo, he could have ſub- 


\. ſcribed to his friend's determination. | 
165. Setting aſide therefore the authority of 


Mr. Locle, or rather taking it in to my own af: 


ſiſtance, I proceed to prove againſt Mr. Moch 
neux, that the blind man, now brought to 2 
ſhall be able to diſtinguiſh and tell which is the 


globe, and which the cube, before he touches 
em. Fi; | n 


166. But here, in order to prevent miſtakes, 
I muſt obſerve, that the queſtion is not, whe- 
ther this man, upon ſeeing the two bodies, ſhall 
of himſelf know them to be à globe and cube: 
this I take to be utterly impoſſible for him to 
diſcover, . without gh Pers them. All that Mr. 
Molyneux 8 is, whether he can diftinguiſh 
and tell which is the globe, which the cube ; 
which queſtion manifeſtly implies the two fol: 
lowing conditions. 

Firſt. That the blind man ſhall by fight per- 
ceive the globe as one thing, diſtin from the. 
cube and all other bodies; and ſhall likewiſe per- 
ceive the cube as one thing diſtin& from the 
globe and all other bodies. | 

"Secondly. That he ſhall be told, the two bo- 
dies he ſees are one a globe and the other a cube ; 
without which information it is to no purpoſe 
to aſk him which is the globe and which the 
cube. 

This therefore being done, I will ſuppoſe him 
to take a careful and repeated view of the two 


bodies in open ſky-light,, and by walking round 


the table on which they are placed, to. ſee and 
obſerve them in all their different fituations ; af- 
ter Which he Will be able to reaſon in this man- 
ner. | 

167. The two bodies before me, I am told, 
are one a globe and the other a cube. 

They are therefare of a different figure one 
from the other; 4 | | 


The ſenfations I receive from them, are like- 
the uſe of them is manifeſtly implied (atx ; 
on of 


wiſe different. | 

J learn therefore from the little experience 
have already had of this new' ſenſe of ſeeing, 
that it is differently affected by diverſity of bo- 
dies. And m — tells me it ought to be ſo. 
For, if two bodies are alike in figure, I muſt 
needs be affected in libe manher by them both: 
and on the contrary, when I am differently af- 
fected by two or more bodies, I muſt conclude 


that this diverſity of ſenſations is occaſioned by 


the diverſity of figure of thoſe bodies. 
168. Farther, I find my ſenſe to be oaks | 
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ly affected by one of theſe bodies, when I view 
its ſeveral ſides, and obſerve its ſeveral parts. 
Theſe parts therefore are in themſelves diffe- 
rent from one another, for the reaſon juſt now 
mentioned, and conſequently the body compe- 
ſed of them is not all over alike. ; 
The other body, in what manner, or on what 


fide ſoever I view it, always gives me the fame 


ſenſation, and is therefore all over alike. 

Now L remember, when a globe and cube 
were given me to handle, before I received my 
fonſe of ſeeing, that by reaſoning then in the 
ſame manner upon what occurred to my touch, 
as I now do upon what is preſented to my fight, 
I diſcovered not only that a globe and cube were 

bodies of-a different make; but that a globe was 

a body alike all over, and that a cube was not 
ſo, but compoſed of parts greatly differing from 
one another. 

This body therefore, which my fight informs 

me is alike all over, is undoubtedly the globe, 
and the other is the cube, 
169. Thus, I think the blind man will un- 
erringly diſtinguiſh between the-two bodies, and 
that by the uſt of this fingle principle, that his 
ſenſes were not given to deceive him; but that 
the different ſenſations, which ſeveral bodies 
raiſe in him, are cauſed by the difference of 
thoſe bodies; without which our ſenſes would 
not only be fallacious, but utterly uſeleſs. 

170. I cannot omit taking notice that, upon 
talking about this problem not long ſince, with 
my highly eſteemed friend the author of this 
treatiſe, I had the ſatisfaction to be informed by 
him, that the greateſt blind philoſopher that 
ever was, whom I need not call Dr. Sanderſon, 
is of the ſame opinion with me, and reaſons up- 
on the problem much in the ſame manner. And 
I muſt obſerve that this learned author himſelf, 
by uſing theſe words, by fight alone, which ſeem 
to exclude the uſe of — — as much as thoſe 
of Mr. Locle, at firſt fight, appears not to be in- 
tirely of the ſame ſentiment with Mr. Molyneux. 


2 Upon ART. 135. 
Dr. Jurin's 171. Though it be beſide the preſent purpofe 


remark of the author, yet it may not be wholly impro- 
= the per to obſerve here, that when the ideas of fight 
of ide excite in us thoſe tangible ideas, that have been 
%. -uſed to go along with them, this is not owing to 
any peculiar virtue or property in the ideas of 
fight to exhibit other ideas, but ren. to the ge- 
neral faculty of our memory; which upon any 
idea being preſented to the mind, does readi 
ſuggeſt to us ſuch other ideas, Whether of the 
fame or of any different ſenſe, as have uſually 
accompanied it. 
172. That this is true of the ideas of hear- 
ing is evident from the uſe of language ; the va- 
rious ſounds of which do rcadily excite in us 
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29 
ſuch ideas, whether viſible, or tangible, or of 
any other ſenſe, with which thoſe ſounds have 
_ been connected. And any perſon who is 
ever ſo little attentive to what paſſes in his own 
mind, will find the fame to in every one of 
our ſenſes, 

173. As] go home in the dark, I 
touch "ſeveral different objects 5 4 
feel but a part of them, and imm lately the 
0 ow of the whole are excited. I know 

one to be a the ſecond a ma . 
third a houſe. mm EO 

174: I hear a rattling noiſe behind me, and 
preſently the viſible idea of a coach and horſes 
ariſes in my mind, and with it the correſpond- 
ing tangible ideas likewiſe, and I get out of the 
way to avoid the danger. 

- 175. I paſs by two ſeveral places, where I 
meet with very different ſcents, which raiſe in 
me the viſible ideas, here of woodbinds I 
in a court yard, and there of a dunghil. 

176. I come home and go into a room, where 
I feet” for a table with ſeveral ſorts of fruit upon 
it. I taſt one, and immediately know it to be'a 
bergamot pear ; another I find to be a golden 

ippin, the viſible. idea of each being inſtantly 
ggcſted by — taſte- 

177: If theſe inſtances are not thought ſuffi- 
cient, or not ſufficiently clear, the imagination 
of every thinking perſon will readily ſupply him 
with innumerable others, to prove that the ideas 
received by any one of our ſenſes do readily ex- 
cite ſuch other ideas, either of the ſame ſenſe or 
of any other, as have habitually been aſſociated 
with them. So that, if on this account we are to 
ſuppoſe, with a late ingenious writer, that the 
ideas of ſight conſtitute a viſual language, be- 
cauſe they as readily ſuggeſt to us the correſpond- 
ing ideas of touch, as the terms of a language 
excite the ideas anſwering to them, I ſee not 
but we may for the ſame reaſon allow of a tan- 

ible, an audible, an olfactory, and a guſtatory 
nguage as well as a viſual: though it muſt be 

owned that, as ſight is without compariſon. the 
moſt comprehenſive of all our ſenſes, the viſual 

language will be. abundantly more copious than 
any of the reſt... $25 
Upon Ar. 137. 2 

178. A perſon is ſaid to ſquint, when the Dr. Juris 

axes of both n fame diſſe ita ion 
„I think, is by the genera- ron 
lity of phyſicians ſuppoſed to proceed from the ſduintinz. 
want of a due correſpondence in the muſcles' of ß 
the eyes, which not acting in a proper coneert | 
with one another, as in perſons free from this 2 Mem. de 
blemiſh, are not able to point both eyes at one Math. & 
object. But che famous Mr. de la Hire a who has ye * 4 
ſince been followed by a very great and learned 9981 la 
Profeſſor, whoſe ſentiments are more ä — wwe. art. 26 


— 


30 
embraced by thoſe of the faculty throughout 
Europe, than perhaps thoſe of any phyſician ſince 
the time of Galen, is of a contrary opinion; 

imagines this deformity not to ariſe from any 
depraved habit, or want of conſent in the muſ- 
cles of the eyes, but from a defect in the eye it 

ſelf, which he explains after this manner. 
The op- 179- mark 
inion of mankind, that part of the retina, which is ſeat- 
de la Hire ed in and about the axis of the eye, is of a more 
And others. delicate ſenſe and perception, than what the reſt of 
| that coat is endowed with; and therefore that we 
direct both axes to the ſame object, not only for 
the ſake of direct viſion, whereby the image of the 
object may be more diſtinctly and perfectly paint- 
ed upon the retina; but likewiſe and indeed chief- 
ly, in order to receive the picture upon that part of 
: br 4 retina, which can beſt and moſt accurately 
-perceive it. But in perſons who ſquint, he con- 
ceives the moſt ſenſible of the retina of one 
e, not to be placed in the axis, but at ſome 
Aitance from it on the one fide, or on the other; 
and that therefore in the eye ſo unuſually fra- 
med, not the axis, but this more ſenſible part of 
the retina is turned toward the object, on which 
the axis of the other eye is fixed; and conſequent- 
ly both axes are not directed to the ſame point. 


Confuted 180. If this opinion be true, that the eye is 
by experi- thus diſtorted for the ſake of ſeeing more diſtinct- 
ments. with it 3 then, if the other eye be ſhut, and 


the diſtorted eye alone be uſed to look at an ob- 
ject, it muſt ſtill be as much diſtorted as before, 
for the ſame reaſon. The contrary of which is 
true in fact, as may eaſily be experienced. 
181. Deſire ſuch a perſon to cloſe his other 


Jy diſtorted. He will immediately turn the axis 


of it directly towards you. Bid him open the 
andiſtorted eye, and look at you with both eyes. 
You will find the axis of this laſt now pointed 


-at you, and the other eye turned away from you 
and drawn cloſe to the noſe, or perhaps to the 
upper eye-lid, as I have ſometimes oblerved it. 
Make as many tryals as you pleaſe, you will al- 
ways find the ſame __ 

182. Likewiſe, if a ſquinting perſon uſes a 
glaſs to read with, or to look at any minute ob- 
ject, with the eye uſually diſtorted, you may 
"eaſily obſerve the axis of that eye to be pointed 


3 le 
"Vquinti 183. From tryals it plainly a 
gerfaats'©6 that tho eye is ahus Gilicored -not for the e of 
di- ſeeing better with it, but rather to avoid ſeeing 


2 at all with that eye, as much as poſſible. For 
= one its pupil being generally drawn cloſe to the noſe, 


cannot receive the image of the object, towards 
which the other eye is directed, but in a very 
-oblique and indiſtin& manner ; and conſequent- 
ly can be no more affected with it, than the eyes 
of other perſons are by ſuch objects as lye at a 
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we look at. So that in reality a ſquinting perſoh 
Fees the object before him diſtintly with one 


He ſuppoſes that, in the generality of 


muſcles of the diſtorted eye. For when the o- nions con- 


to hinder them from being both moved the fame 


eye, and to look at you with that which is uſual- preſ 


two pupils is conſiderably leſs than in other per- 


\ ions of the eyes; ſo that the two axes are ne- 


"BOOK; 1. 
conſiderable diſtance laterally from that which 


eye only; namely that whole axis is pointed di- 
rectly at the object. Conſequently we may con- 
clude, that this defect is not cauſed by any ſuch 
ernatural make of the eye, as thoſe two 
gentlemen have ſuppoſed. | 
184. Not is it occaſioned by any defect in the Other ori. 


ther is ſhut, this eye is moved by the action of futed. 

its muſcles, in all poſſible directions, as freely 

as that of any other perſon, | 
185, Neither is it owing to the want of cor- 

ere in the muſcles of both eyes, ſuch as 


Way at the ſame time. For when both eyes are 
open, and the undiſtorted eye is moved either 
e or downwards, or to the right or left, 
other always accompanies it, and is turned 
the ſame way at the ſame inſtant of time. + 
186. But to underſtand; particularly wherein The 4;6c5. 
this deſect conſiſts, it will be Sec to conſt. oops aro 
der the diſpoſition and ſituation of the eyes, in axes of 
perſons who are not affected with ſuch a ble- common 
miſh. * N eyes. 
187. When we look directly forwards at a di- For ſeeing 
ſtant object, the pupil of each eye lies in the remote ob- 
middle of the aperture formed by the eye lids, Je%s- 
ſo that the diſtance between the two pupils con- 
ſiſts of the breadth of the noſe and half the 
breadth of the aperture of each eye: and how- 
ſoever obliquely we turn our eyes, this very 
ſame diſtance between the two pupils is always 


188. In looking at near objects the diſtance por ſeeing 
between the pupils is ſomething leſs 3 but ſtill near ob- 
this ſame leſſer diſtance is always preſerved in jeas. 
all oblique directions of the eyes, as well as 
when we look ſtraight forwards. which 
means the axes of both eyes are directed towards 
the ſame object, in both theſo caſes of looking 
at diſtant aud near objects. 

189. But in thoſe who ſquint, when the pu- The diſpoſ.- 
pil of the undiſtorted eye is ſeated in the middle zn of dhe 
of the a re, as in looking directly forwards, axes of 
the pupil of the other eye is-drawn'cloſe ta the ſquinting 
noſe, and conſequently the diſtance between the eyes. 


ſons ; and this leſſer diſtance between the two 
pupils continues the ſame in all oblique dire- 


ver pointed at the ſame object, though the muſ- 
cles do ſo far act in concert with each other, as 
to move both eyes the ſame way at the ſame in- 
ſtant of time, | | 

1090. This vitious habit may eaſily be contract - One probs- 
ed by a child, if he is often laid into his cradle ble cauſe of 
in ſuch a poſition, as to be able to ſee * ſquincing. 
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light, or any other remarkable object, with one 
eye only. 0 
191. And when by this means he is brought 
"on me- to {quint, and is afterwards conformed and ſet- 
hods of tled in the practice of doing ſo, I apprehend, it 
cure why will be in vain to attempt a cure by his wearing 

ineffeclual - tubes, or ſhels with ſmall holes in them to 
through. Do what you wlll of this kind, he will 
- © continue: to ſee through them diſtinctly with one 
. eye only, and will ſtill diſtort the other. 


» tue 192. The true method of cure I take to be 
method of this. When the child is arrived at ſuch an age 
og as to be capable of obſerving directions, place 
him directly before you, and let him cloſe the 
undiſtorted eye and look at you with the other. 

When you find the axis of this eye fixt directly 

upon you, bid him endeavour to keep it in that 
ſituation, and open his other eye. You will now 
immediately ſee the diſtorted. eye turn away 

from you towards his noſe, and the axis of the 

other will be pointed at you, But with patience 

and repeated tryals he will by degrees be able to 

keep his diſtorted eye fixt upon you, at leaſt for 


The com- 


b. ſome little time, after the other is opened. And 
be when you have brought him to continue the axes 
of both eyes fixt upon. dec as you ſtand dire&- 

7 before him, it will be time to change his po- 

re, and to ſet him Hirſt a little to one fide of 

E you,. and then to the other, and ſo to practiſe 


the ſame thing: and when in all theſe ſituations 
he can perfectly and readily turn the axes of 
bath, He towards you, the cure is effected. An 
adult perſon may practiſe all this by a glaſs, 
without any director; though not ſo eaſily as 
with one. But the older he is, the more patience 
will be neceffary. | 
193. About twenty years ago I ae, an 
cure after this manner, upon a young, gen eman 
about nine years of age, with promi 
of ſucceſs 3 but was interrupted by his 
of the ſmall pox, of which he dyed. 
14. I muſt not forget to take notice that Mr. 
de la Hire, in art 62, ſuppoſes ſquinting to pro- 
ceed ſometimes from another cauſe, namely the 
oblique ſituation of the cryſtalline humor in one 
fi- of the eyes: but this is eaſily refuted by the ex- 
periments aboyementioned, in the ſame manner 
as his former opinion 80 far Dr. Jurin. | 
remark- - 195. After this 'r37th- article was printed, 1 
dle in- received an account of another remarkable in- 
ance of ſtance of double viſion, from my highly honour- 
duble vi- ed friend Martin Fuller Eſquire. Who tells me, he 
was informed by Dr. H of Lynn, that the 
late Reverend Mr. Forfler of Clenchaubarton in 
that neighbourhood, having been blind for ſome 
ears with a gutta ſerena, was reſtored to fight 
ſalivation ; and that upon his firſt — 
to ſee, all objects appeared to him double; but 
afterwards, the two appearances approaching by 


& - 
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| the two pictures of an object uſually fall. 
5 har — 
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degrees, he came at laſt to ſee ſingle; and as 

diſtinctly as he did before he was blind. 
196. Another inſtance or two of this kind Opinions + 

may be ſeen in Dr. -Briggs's Nova YFifionis Theo- upon the 

ria pag. 25 ; wherein he propoſes a theory, or N 3 

rather an hypotheſis, to account for the ſingle and N M- 

double appearances of an object, by means of 

equal degrees of tenſioun of the fibres, of both 

the optick nerves, continued from the brain to 

correſponding parts of the two retinas; in which 


at the iſochronous vibrations of cor- 
reſponding fibres agitated by the rays, may ſtir 
up a fingle ſenſation in the mind ; in like man- 
ner as uniſons in muſick are hardly diſtinguiſhed 
from one | ſound. But when the two pictures of 
an object fall upon parts of the retina, where the 
tenſions of the fibres are different; their diſeording 
vibrations may ſtir up two diſtinct ſenſations in 
the mind; as in muſical concords and diſcords. 
But for a fuller account of this hypotheſis I chuſe 
to refer the reader to the 5 himſelf ; be- 
cauſe there are ſeveral. hints and obſervations in 
that little treatiſe, and in his Anatomy of the: ye. 
which may be uſeſul and entertaining to the cu- 
rious. Sir Iſaac Newton's ſentiments upon this 
ſubject of ſingle and double viſion, may be ſeen 
in the 15th Query at the end of his Opticks. Kep- 
ler has obſerveda, that the ſuppoſed union of the a Dioptr. 
nerves, any where between the two retinas andthe Prop. 62. 
brain, is repugnant to the double appearance of , 
an object. Becauſe, if the fibres of the nerves 
were there united, he reckans. we ſhould always 
ſee an object ſingle, but never double. See allo. - 
Dechales's Curſus Math. Tom. 3. pag. 410. 
Upon Ax r. 138. 
197. In the preſent article, to avoid. being te- The defgn, - 

dious. and Kew ce + to readers unprejudiced Ci 

received. opinions, I gave but a ſummary 
view of the reſult of my thoughts and experi- 
ments upon ap t diſtance. But as this ſub- 
ject has never 8 ſettled, and as it is 
higly neceſſary thereunto, that the principles of 


it ſhould be clearly explained, and firmly eſta- 


bliſhed ; for farther ſatisſaction it may not be 

amiſs, to be ſomewhat more explicit. I obſer- 

ved that, by abundance of e made 

with glaſſes of all ſorts, I found that an object 

always appeared to approach while its apparent 

magnitude increaſed, either by moving the glaſs, 

the eye or the object, backwards or forwards 3 : 

and that it always appeared to recede while its 

apparent magnitude = juſt as in viſion - 

with the naked eye. A few of the eaſieſt and 

plaineſt experiments will be abundantly ſuff- 

cient to eſtabliſh this trurtb. | | 
198. Let any concave lens be fixt between I. Exper. 

your eye and any remote . and while 1 — 

your eye is drawn back from the lens, (the other COON 


* * W 
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being ſhut,) the 9a magnitudes of the ob» 
jets will. continually decreaſe, and their appa- 
rent diſtances from you will coatinually increaſe ; 
and the contrary will appear while your eye ap · 
proaches to the lens. 

199. Or if pope eye be fixt, and the concave 


II. Exper. 
with a con- Jens be gradually removed from-it ; the apparent 
cave lens in magnitudes of the remote objects will continual- 

motion. ly decreaſe, and their apparent diſtances from 
ou will continually increaſe ; even though the 
ens were carried half way towards the objects: 
and the contrary will appear while the lens is 
brought back to your eye. 
111. Exper. 200. Or if a convex looking-glaſs be uſed in- 
ONS con” ſtead of the concave lens, the apparent magni 
ver ifecu- tudes and diſtances of remote objects, lying late- 


_ rally behind you, or of your own face, will alſo 
vary reciprocally ; as they did in both the fore- 
going experiments. 

Av. Exper. 201, Now let any convex lens be fixt be- 


-with a con- tween your eye and any remote objects; and 
vex lens at when your eye is firſt put cloſe to the lens, and 
reſt. then — back from it, the apparent magni- 
tudes of the objects will continually - increaſe, 
and their apparent diſtances from you will con- 
tinually decreaſe ; ſo long as the objects 1 
upright. And even after they are invert ed, if the 
eye be drawn farther back, their apparent magni- 
tudes will continually decreaſe, and their appa - 
xentdiſtances from you will continually increaſe. 


V. Exper. 202, Or if your eye be fixt, and the convex 
——_—_ lens be applied cloſe to it, and then be gradually 


removed from it ; the apparent magnitudes and 
__ diſtances of remote objets will correſpond reci- 
procally, and in the ſame order, as they did 
re ; even though the lens were carried half 
way towards the objects. 

VI. Exper. 203. Or if a concave looking-glaſs of a i 4 
wich a con- ſphere, be uſed inſtead of this convex lens; the 
cave ſpecu - apparent magnitudes and diſtances of remote ob- 
jects, lying laterally behind you, or of your own 
ce, will always vary reciprocally with reſpect to 
each other. 'The reaſon of theſe variations of ap- 
parent magnitude, may be ſeen in Art. 106 'and 
110; and the correſponding variations of apparent 
diſtance are the fate for which we are to aſſign 

a reaſon, that ſhall hold good in all caſes. 
VII. Exper. 204. But firſt it is obſervable that while the 
with aplane apparent magnitude varies quicker or flower, the 
apparent diſtance does alſo vary quicker or flow- 
er; as will be evident by moving the eye or the 
gals quicker or flower, or by uſing glaſſes of 
eſſer or larger ſpheres. And even the flow va- 
riations of ap t magnitude and diſtance, are 
alſo obſervable in a plane looking-glaſs; eſpecial- 
99 the minute parts of objects, as 
ey ſeem to depart from you; otherwiſe the ima- 
* ſupplies a magnitude, which the ſenſe 
does not perceiye. But if the plane of the look- 
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ing-glaſs be not it will frequently diſtort 

objects ata — — and gently increaſe their | 

apparent magnitudes, and thereby deceive you. ; 
205. It is alſo obſervable in all theſe ex Hence 

ments, when the eye and the glaſs are cloſe to- apparent 

gether i that the apparent magnitudes and diſtan- dillance i 


ces of allobjects, are the ſame as to the naked eye; *iproclly 


and when the eye and the glaſs are ſeparated; © fatent 
that the apparent diſtance varies reciprocally in dude. 
the ſame proportion as the apparent magnitude 

varies ; that is, when one becomes double or tre- 

ble, the other becomes half or one third reſpe- 

ctively ; as near as the ſenſe can diſtinguiſh : as 

any one will find by comparing the appearances 

of the ſame objects, ſeen at one view through the 

lens, and by the ſides of it with the naked eye. 


206. It is true that the ſenſe alone cannot ac- Uſes of : 
curately determine ſuch ratios of apparent di- general 
ſtances, or even of magnitudes, as ſhould be ex- Principly, 
preſſed by larger numbers; and therefore a ge- 
neral rule derived from the fimpleſt ratios and 
experiments, is the more uſeful and neceſſary to 
conduct our inquiries in more complicated ca- 
ſes ; and to examine how near the appearances 
of things, and the cauſes aſſigned for them, do a- 
gree in Quantity with each other. For as this is 
the ſureſt and the beſt means of diſtinguiſhin 
true cauſes from falſe ones, ſo the general negl 
of it has been the chief occaſion of all the errors 
in philoſophy, no Pw, 4 BY 
., 207. The apparent diſtances, of things ſeen The cer 
9 by the — — eye, are 3 tainty of its | 
power of imagination ; and therefore being de- foundaioe, 
terminate in themſelves, they have determinate | 
ratios to each other, and determinate cauſes: and 
thoſe that look into glaſſes will be ſenſible of the 
ſame thing. And that all people agree in their ; 
judgments of the meaſure of apparent diſtance 
in glaſs, will appear by this experiment.. I 
well remember, when ſeveral perſons were try- 
ing to read a gazette at a great diſtance, through 
one of Mr. Gregory's reflefting teleſcopes, that I 
aſked them one by one, how near they thought it 
appeared through the teleſcope 3 and whether as 
negr as my face a to their naked eye, 
when I placed it before them, by the ſide of the 
viſual rays coming from the gazette ; and re- ; 
moved it backwards and forwards, as they di- 
rected, till they judged the two objects appear- - 
ed equidiſtant, by the fide of each other. And by 
marking the ſeveral ſtations to which they redu- 
ced me, I found their differences were very little, 
even in this groſs way of tryal z though the ob- 
jects were of different kinds, and the ſpectators of 
different ages 3 ſome of them being children. 
Therefore fince determinate judgments have ade- 

uate cauſes, the judgments may be meaſured with 
the lame certainty as you can meaſure the cauics. 
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208. This conſtant and regular connection be · 
tween the quantities of apparent magnitude and 
ap t diſtance, being proved to be matter of 
fact, let us now conſider how it comes to be ſo. 


In deſeribing the experiments above I have Ale 


Dr. Bar- 


voww's difi- diſtreſſed the learned Dr. 


ſed the objects to be pretty remote; not becauſe 
will not ſucceed when the objects are near, but 
becauſe they are ſomewhat ſimpler and plainer; 
and alſo becauſe the eye can — . at one 
view a larger ſyſtem of remote objects in all man- 
ner of oblique and direct ſituations to the viſual 
rays. Which ſhews that their diſtances are ſug- 
geſted to the mind by the ſame cauſe, acting in 
the ſame manner in all theſe caſes. Now fince any 
one will acknowledge, at firſt ſight of theſe ob- 
jets through a concave lens, that they all ap- 
ar ſmaller, exactly in the ſame manner as if 
e ſaw. them with his naked eye from a greater 
diſtance 3 what can be plainer than that this ſmal- 
lerappearance ſuggeſts to him the uſual idea of that 
greater diſtance, which has been conſtantly an- 
next to it. by experience from his infaney a? 
And the like may be ſaid of the greater and near- 
er appearances of objects ſeen through a convex 
lens or in a concave looking-glaſs. Intending to 
prove this general ſolution of theſe Phanome- 
na in a more particular manner in a remark u 
on Art. 148, at preſent I will proceed to a 
der the received principles and opinions of optick 
writers upon this ſubject. 
zg. The famous difficulty which ſo much 
arrows Was to ac- 


cult caſe of count for the apparent diſtance of an object ſeen 


apparent 
diſtance 
ſolved. 

b Rem, 
201, 


as in our 4th, 5th and 6th experiments b; that is 
when the viſual rays fall upon the eye converg- 
ing towards an image behind it. This difficulty 


aroſe naturally from a principle univerſally re- 
t an object ſeen by re- 
flections and refractions, appears always in the 

Mich the tays diverge 


ceived in opticks, | viz. 


place of its image. from w. 


upon the eye. Which principle, though it hap- 


His own 
deſcription 
of ir, 


pens to agree with experience in two or three 
common caſes, is in general quite diſagreeable 
to it, and to reaſon too; though not ſo manifeſtly 
as in that uncommon caſe which the Doctor thus 
denen 2 Tn 

210. He funt, qu e circa optice præci- 
fue mathematicam 5 mihi ſuggellit meditatio. 
Circa reliquas, ( que Proxenga; ſunt, ateoque ſa- 
piuſeule pro certis principiis plauſibiles conjecturas 


venditare neceſſum habent } nihil fere quicquam 


admodum veriſimile ſutturrit, a pervulgatis (ab 
iis, inquam, que Keplerus, Scheinerus, Carteſius, 
& poſt illes alii tradiderunt,) alienum aut dfyer- | 


ſum. Atqui tacere malo, quam toties oblatam cram- 


ben reponere. Proinde receptui cane 3 nec ita ta- 
men ut  proriits diſcedam anteaquam improbam 
1 difficultatem ( pro finceritate quam & vo- 


is &. weritati debes minime diſſimalandam) in 
medium protulero, que doctrina noſtra, hattenus 


REMARKS UPON ART. 138. 34: 


inculcate, ſe objicit adwverſam, ab ea ſaltem nul- 
lam admittit folutionem. Illa, breviter, tali e: 


lenti vel ſpeculo cavo EBF exponatur punfum Fig. 38, 35. 


viſibile A, ita diſtant ut radii ex A manantes, ex 
inflexione werſus axem AB wgantur. Sitque ra- 
diationis limes ( ſeu puncti A imago, em ſupra 
paſſim flatuimus I puntum Z. Inter hoc autem 
infletentis verticem B uſpiam 22 concipiatur 
oculus. Yueri jam poteſt ubi loci debeat punf#am A 
apparere ? Retrorſum ad punctum Z videri non 
fert natura ( cum omnis impreſſio ſenſum afficiens 
proveniat a partibus A) ac experientia reclamat. 
Noftris autem e placitis conſequi videtur, ipſum ad 
partes anticas apparent, ab intervalls longiſſi me 
diffito, ( quod & maximum ſenſibile quod uit In- 
tervallum quodammods exſuperet ) apparere. Cum 
enim quo radiis minus divergentibus attingitur ob- 
jectum, eo ( ſecluſis utique prenotionibus & praju- 
Aiciis ) longius abeſſe ſentiatur'; & quod paralle- 
los ad oculum radios projicit, remotiſime pofitum 
eftimetur. Exigere ratio videtur, ut quod con ver- 
gentibus radiis appreht naitur, adhuc magis, fi fieri 
poſſet, quoad apparentiam elongetur. Quin & circa 
caſum hunc generatim inguiri poffit, quidnam ommi- 
no fit, —. 
faciatque quod conflanti ratione nunc propius, nunc 
remotius cat Cui itidem dubio, nibil guic- 
guam ex enus dictorum analogia, reſponderi 
poſſe widetur, niſi debere punctum A perpetus lon- 
g Hime ſemottm videri. Verum experientia ſecus 
atteflatur, illud pro diwerſa oculi inter puncta B. 
Z, pofitione varie diſtant, nunguam fere (fi un- 
quam) longinguius ipſo A libere ſpectato, ſubinde 
vero multo nquins apparere 3 quinimo, quo 
oculum appellentes radii magis couvergunt eo 
ciem objefi propius accedere. Nempe, fi puncto B 
admoveatur oculus, ſue (ad lentem) fere nati vs 


in loco conſpicitur punctum A ¶ vel eque diflans, ad 


ſpeculum ;) ad O reductus oculns ejuſce ſpeciem 

ropinguantem crruit; ad P adbuc vicinius ip- 
um exiſlimat ; ac ita ſenſim, donec alicubi tan- 
dem, velut ad Q, conflituto sculo otjeFum ſumme 
propinguum apparens, in meram confufionem inci- 
piat evaneſcere. Yue ſane cundta rationibus atque 
decretis noſtris repugnare videtur, aut cum iis 2 
tem parum amice conſpirant, Neque noftram tan- 
tum ſententiam pulſat hoc experimentum ; at ex 
equo ceteras quas norim omnes, veterem imprimis 
ac vulgatam, noftrs pre reliquis affinem, ita convel- 


lere videtur, ut eint vi coattus db i ſi mus A. 


Tacquetus ro principio (cui pene foli totam inæ- 
dificaverat Catoptricam ſuam ) ceu inf do ac in- 
conflanti renunciarit, adeogue ſuam ipſe dotrinam 
labefadaris ; id tamen, opinor, minime facturus, 
i rem tatam inſpexiſſet penitius, atque difficultatis 
fundum attigiſer. Apud me vero non ita pollet 
Vac, nec eouſque prapollebit ulla difficultas, ut ab 


its, que manifefte. rationi conſentanea video, diſce- 


dam praſertim 3 ut hic accidit, ju ſmodi dif- 


— in fing 


i cujuſpiam catus 1 


apparentem puncti A locum deter minet, 


< 


at ll. 


—_ wy > a 


9 


excegitare potui, 


nedum plane ſatigfaceret. Vobis itaque nodum hunc, - 


35 
cafu peculiare 9 
dam, nature ſultilitati involut am, delite "4,99 
gre fortafſis, ni perfectius explorato videndi mo- 
de, detegendum. Circa quod nil, fateor, hafenus 
quod adblandiretur animo meo, 


utiriam feliciore comatu, reſokvendum committo. 
211. I beg leave to borrow the following-tran- 


Nation from an ingenious writer. I have here de- 


livered what my thoughts have ſuggeſted: to me, 


concerning that part of opticks which is more 


properly mathematical... As for the other parts 
of that ſcience (which being rather phyſical, do 
conſequently abound with plauſible conjectures 


inſtead of certain principles) there has in them 
obſervation, - 


ſcarce. any thing occurred to 
different from. what has been already ſaid by 
Kepler, Scheinerns, Deſeartes, and others. And 
methinks, I had better ſay nothing at all, than 
repeat that which. has been ſo often ſaid by o- 
thers. I think it therefore high time to take my 
leave of this ſubject: but before I quit it for 
good and all, the fair and ingenuons dealing- 
that I owe both to you and to truth, oblige 
me to acquaint you with a certain unto 
difficulty, which ſeems directly oppoſite to the 
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fundetur. Nimi rum in prefente 


BOOK 7. 
have laid down, except only that the point 7 
ought always to appear extremely remote But 
on the contrary, we are aſſured by expetience 
that the point 4 appears variouſly diſtant, ac- 
cording to the different ſituations of the eye be- 
tween the points B and Z. And that it doth al- 


-. moſt never (if at all) ſeem farther off, than it 


would if it were beheld by the naked eye, but 
on the contrary, it doth ſometimes appear much 
nearer. Nay, it is even certain, that by how 
much the rays falling on the eye do more con- 
verge, by ſo much the nearer does the object 
ſeem to approach. For the eye being placed coſe 
to the point B, the object A appears nearly in 
its on natural place, I the point Þ is taken in 
the glaſs; or at the ſame diſtance, if in the ſpe - 
culum. The eye being brought back to O, the 
object ſeems to draw near; and being come to 
P, it beholds it ſtill nearer. And ſo on by little 
and little, till at length the eye being placed 

ſomewhere, ſuppoſe at Q, the object appearing 

extremely near, begins to vaniſh into mere con- 

fuſion. All which doth ſeem repugnant to our 


principles, at leaſt, not rightly to agree with 


them. Nor is our tenet alone ſtruck at by this 
experiment, but likewiſe all others that ever 


doctrine I have been hitherto inculcating, at came to my knowledge are, every whit as much, 
leaſt, admits of no ſolution from it. In ſhort it endangered by it. The ancient one eſpecially 
Fig. 38, 39. is this. Before the double convex glaſs or con- (which is moſt commonly received, comes 


cave ſpeculum EBF, let the point 4 be placed, 
at fuch a diſtance that the rays proceeding from 
A, after refraction or reflection, be brought to 
unite ſomewhere in the axis 4B. And ſuppoſe 
the point of union (i. e. the image of the point 
A, as has been already ſet forth) to be Z; be- 
tween which and B, the vertex of the glaſs or 
ſpeculum, conceive the eye to be any where 
placed. The queſtion: now is, where the point 
A- ought. to appear? Experience ſhews it 


doth not appear behind at the point Z, and it 


were contrary to nature that it ſhould ; ſince all 
the impreſſion which affects the ſenſe comes from 
towards A. But from our tenets it ſhould ſeem 
to follow, that it would appear before the eye at 
a vaſt diſtance off, ſo great as ſhould in ſome 
ſort ſurpaſs all ſenſible diſtance. For ſince, if 


ve exclude all anticipations and prejudices, eve- 


ry obje& appears by ſo much the farther * | 
s 


how much the rays it ſends to the eye are 

diverging and that object is thought to be moſt 
remote, from which el rays proceed unto 
the eye ; reaſon would make one think, that ob- 
je& ſhould appear, at yet a greater diſtance, 
which is ſeen 8 rays. Moreover it 
may in general be concerning this caſe, 


what it is that determines; the apparent place of 


neareſt to mine) ſeems to be ſo effectually over- 
thrown — that the moſt learned Tacquet 
has been forced to reject that principle, as Hie | 
and uncertain, on which alone he had built al- 
moſt his whole catoptricks, and conſequently by 
taking —_ the foundation, hath himſelf pulled 
down the ſuperſtructure he had raiſed upon it. 
Which, nevertheleſs, I do not believe he would 
have done, had he but conſidered the whole 
matter more throughly, and examined the diffi- 
culty to the bottom. * for me, neither this, 
nor any other difficulty ſhall have ſo great an in- 
fluence on me, as to make me renounce that 
which I know to be manifeſtly agreeable to rea- 
ſon : eſpecially when, as it here falls out, the 
difficulty is founded in the Har nature of a 
certain odd and particular caſe. For in the pre- 
ſent caſe ſome 5 rorraon lies hid, which be- 
ing involved in the ſubti 

haps, hardly be diſcovered till ſuch time, as the 
manner of viſion is more perfe&ly made known. 
Concerning which, I muſt on, I have hitherto 
been able to find out nothing that has the leaſt 
ſhew of probability, not to mention cettainty. 
I ſhall, therefore, leave this knot to be untied 
by you, wiſhing 2 may have better ſucceſs in 
it than I have had“. 


ny of nature, will, per- 


212. Dr. Barrow's manner of propoſing and His prioci- 
deſcribing this difficult caſe, ſo to his own ple and ibe 
theory, which he had cultivated throughout his old one 
Lectures, is indeed a noble declaration of his” comparce 


the point 4, and maketh it to appear after a con- 
ſtant manner, ſometimes nearer, at other-times 
farther off? To which doubt, I ſee nothing that 


can be anſwered, agreeable to the principles we 


” - Joe 
> n 7 „ 


ed, . 


A 
- 4 £.M 9 
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1 truth, and highly worthy ofa great mind. 
e old principle that he mentions, which Euclid, 
Albazen, Tacquet, and almoſt all optick writers 
had hitherto followed, is this. Any given viſible 
point of an object, appears at the interſection of 
the reflected or the refracted viſual oy produced, 
and of a line drawn through the viſible 1 
pendicular to the reflecting or refracting ſurface, 
Whether plane or ſpherical. This interſection 
always coincides with our image of the viſible 

int in a plane looking glaſs, and alſo in re- 

ections refractions at plane and ſpherical 
ſurfaces, provided the angle of incidence be very 
ſmall as it generally is. But whatever be the 
magnitude of the angle of incidence Dr. Bar- 
row's principle is, that the viſible point appears 
by reflections or refraftions at a certain point, 
from which thoſe rays of a {lender pencil diverge, 
in falling on the eye, that will enter the pu- 
pil. Which point in ſtrictneſs of geometry, is 
always ſome point of a cauſtick formed by re- 
flections or refractions of all the rays that flow 


: J 
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ways be the ſame as if 


- image 4. 


— 


35 
towards the firſt image q when the eye-glaſs is 


- taken away ; and conſequently that the apparent 


diſtance of the object has no dependance ũpon 
the places of its images. For theſe may be 
ſtill varied at pleaſure, by applying different glaſſes, 
either concave or convex, to the eye in the ſame 
place B; and yet the apparent diſtance will al- 
ey were taken quite a- 
way. And by drawing your eye and eye-glals 
back towards the image q ; while the principal 
focus & approaches to q and paſſes over it, the 
ſecond image & will run out to an infinite di- 
ſtance, and then will return back the contrary 
way, from an infinite diſtance behind the eye< ; 
and yet all this while the apparent diſtance will 
vary exactly in the ſame proportion as in Dr. Bar- 
row's manner of tryal, when the rays fell con- 
verging , N naked eye, towards a fixt 
i ich plainly ſhews that his principle 
of divergency of rays, has nothing at all to do 
with apparent diſtance, to a ſingle eye at leaſt, 


214. And the like experiments, tryed upon And with a 
from the viſible point a: and therefore differs objects ſeen in a common looking-glafs, will ſhew looking- 


widely from the place of our image, when the that concave or convex glaſſes, held cloſe to the glaſi. 
eye lyes wide of the axis of the cauſtick , that is * do not alter the apparent diſtances of the 
when the angle of incidence is large, but nearly jects ; though the laſt image, or place from 
coincides with it when the eye is near the axis, which the rays diverge upon the eye, or to- 
as in the preſent experiments. wards which they converge, after paſſing through 
213. In the mathematical the different eye-glaſſes, is varied thereby at plea- 
ſure. By which it is alſo evident to me, that no 


And both 


proved to 


of his Lectures 
this learned Author has made many uſeful im- 


be inſuff- provements; but in the phyſical u_ he ſeems author, that I have ſeen; has given the true rea- 
cient by to have failed in his principal deſign ; which ſon of the apparent diſtance of an object ſeen in 
_— was to determine the apparent place or diſtance a common looking-glaſs. See Art. 146. and 
— of an object univerſally and more accurately Rem. upon it. 5 

Fig. 40, 41. than by the anciently received principle. Now 


215. What miſled them was this. _— The origine 
experience that the apparent place of an object of this falſe 
ſeen in a plane looking-glaſs, is always as far be- Priaciple. 
hind the glaſs, as the real place of the object is 
before it; finding alſo, by the known law of re- 
flections, that the rays muſt diverge upon the 
e, as if they had come from that place® ; from d Att. 23. 
is coincidence of facts, (in this and in a like 
caſe, of ſeeing objects that lye under water e, e Att. 146. 
which are the moſt obvious of all others,) 
concluded too haſtily, that the divergency of 
the viſual rays from the place of the image of 
an object, was the cauſe of its appearing in that 
place ; and of conſequence that the ſame cauſe 
muſt hold good in viſion by reflections and re- 


the reaſon of this failure and conſequently of 
the fallity of both theſe principles, appears to me 
very plain by the following experiments. Hold- 
ing any concave lens very cloſe to your eye, 
repeat the Doctor's experiment with his lens 
or ſpeculum, and you will preſently. find that 
the concave eye-glaſs will not ſenſibly alter the 
=. jug diſtance of the object. This will be e- 
vident by flipping the eye-glaſs fideways off and 
on your eye alternately, while fixt at any given 
diſtance from the convex object-glaſs; and by 
comparing the appearances. Now if the focal 
tence F3 of this concave eye-glaſs B, be leſs 
than the focal diſtance of the convex objeQ-glaſs 


A; the rays which flow from a point 2 of a re- fractions at ſpherical ſurfaces. But this principle 
mote objefh, and after refraftions through the ob- being falſe even in that ſimpleſt caſe of a look- 
jet-glals 4, go converging towards a point q, be- ing-glaſs, as we ſhewed above, it is no wonder 


Ing intercepted and refrafted through the concave 
eye-glaſs B, will fall upon the eye diverging from 
a point 4; provided the interval of the glaſſes 4, 
B be ſmall enough for the principal focus þ of the 


that ſo many difficulties have ariſen from it in 
more complex caſes; as in thoſe obſerved by 


Dr. 
Barroew, Gregory, Tacquet, Molyneux and all the 
| beſt writers, 


4 concave eye-glals B, to fallbetween it and the i- 216. But the fundamental error is ſtill unob- joe true in 
of * Art. 48. mage q*. It isplain then that the object ap at ſerved. Thoſe that uſe ſpectacles and concaye vifion with 

one and the ſame diſtance, whether ſeen by rays glaſſes to "16, Fs deſects of their eyes, per- the uaked 
L : 


diverging from the laſt image I, or converging Ma rough them very e ©76 


W * : 


re 
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ſo do others that have no defects, provided the 
convexities and concavities of the glaſſes be not 
too great. Now when theſe glaſſes are put cloſe 
to their eyes, all objects appear to them nearly of 
the ſame magnitudes and at the ſame diſtances, as 


& Art. 117, theydo to the naked eyea. But now the rays of the 


pencils do not diverge upon the eye from the 
lace: of the object, but as if they had come 
Rraight through the concave from a phee much 
nearer, or ſtraight through the convex from a 
place much remoter, than that of the object, or 
even ps towards a place lying behind 
the eye. And yet the object appears in its uſual 
place. And conſequently the divergency of the 
rays upon the naked eye from this realplace, can- 
not be the cauſe of its appearing there. Nor in- 
deed are we certain that it dogs appear there, 
but only thereabouts when the PMce is near to us. 
But when we look at very remote objects, they 
evidently do not appear, even to the naked eye, 
in the real places and poſitions which we know 
they poſſeſs; but ſometimes nearer, ſometimes 
remoter; ſome towards the one hand and ſome 
towards the other. See inftances of this in Art. 
135. pag. 5 1 line 113 and in Art. 158 to 163. and 
in Art. 169, 170. and Rem. upon it. Thus by 
arguing analytically from obfervations and expe- 
riments, it is evident to me, that the divergen- 
cy of rays from an object in any place, is not 


the cauſe that ſuggeſts its apparent place, even 


to the naked eye. 
217. Upon this occaſion I cannot omit taking 


confuted in notice, that this received principle was firſt rejected 


(ur on proof of its inſufficiency by arguments 4 
priori) by the moſt ingenious and learned Author 
of the late E ay towards @ New Theory of Vifeon; 
concerning the manner wherein we perceive by 
fight, the diſtance, magnitude and ſituation of 
objects: a Work highly entertaining and uſeful 
to all that are duly qualified to conſider it, 
And herein,- had this worthy gentleman, whom 
I greatly eſteem, thought proper to have joined 
ſome experiments with glaſſes, or even geometri- 
cal inferences from glaſſes, with the other helps 
which his moſt eminent qualifications afforded 
him for this ſubject; I cannot but think, that 
he might have been furniſhed with ſeveral rea- 
fons for rejecting another principle or two, which 
he ſubſtituted inſtead of that old one; and which, 
in purſuance of my deſign of ſettling this ſcience 
upon a firm foundation, I cannot avoid conſider- 
ing in the following remarks. 
218. Having done with the divergency of 
rays, which is not perceived by ſenſe ; let 
us now conſider the degrees of apparent confu- 


fion, tha: frequently reſult from different diver- 


gencies. For the confuſion being certainly per- 
ceived, may be reaſonably thought to have an in- 
fluence upon the mind in its judgments of di- 


dance: and indeed one can hardly help thinking 


ſo, upon peruſin 


will have it judge by the different divergenc) 


g the following argument of 


the ingenious writer abovementioned. | 

219. An object placed at a certain diſtanee His new 
from the eye, to which the breadth of the pupil principle, 
bears a conſiderable proportion, being made jo that apps. 
approach, is ſeen more confuſedly: and the near- tent conſu- 


AE” - ſednels ſug. 
er it is brought, the more cantuſed appearance neſts di. : 


ie makes. And this being found conſtantly to be 4... 


ſo, there ariſeth in the mind an habitual con- 4 ,. 
nexion between the ſeveral degrees of confuſion 
and diſtance; the greater confuſion ſtill imply- 

ing the leſſer diſtance, and the leſſer confuſion, 

the greater diſtance of the object. | 


220. This confuſed appearance of the object And is the 
doth therefore ſeem to be the medium, hereby occaſion of 


the mind judgeth of diſtance in thoſe caſes, boſe judg- 


wherein the moſt approved writers of opticks YT wo 


CY in 
with which the rays, flowing from the radiating aye id. 
point, fall on the pupil No man, I believe, will (ea, 22. 
pretend to ſee or feel thoſe imaginary angles, 

that the rays are ſuppoſed to form according to 

their various inclinations on his eye. But he can- 

not chooſe ſeeing whether the object appears 

more or leſs confuſed. It is therefore a manifeſt 
conſequence from what has been demonſtrated a, a Ibid. a, 
that inſtead of the greater, or leſſer divergency 13. Sce 
of the rays, the mind makes uſe of the greater Rem. 217. 
or leſſer confuſedneſs of the appearance, there- 

by to determine the apparent place of an object. 

221. Let us now ſee how Dr. Barrow's expe- Aud is 
riment agrees with our tenets. The eye the near- ſhewn to 
er it is placed to the point B in the foregoing fi- Bree with 
gures, the more diſtin is the appearance of the >* you. 
object ; but as it recedes to O, the appearance cult caſe. 
grows more confuſed ; and at P it ſees the ob- ibid. fea. 
ject yet more confuſed ; and fo on till the eye 31. 
being brought back to Z ſees the object in the Fig. 38, 39» 
greateſt confuſion of all. Wherefore by Rem. 219 Z 
the object ſhould ſeem to approach the eye gra- 
dually, as it recedes from yon B, that is 
at O it ſhould (in conſequence of the principle I 
have laid down in the aforeſaid Remark) ſeem 
nearer than it did at B, and at P nearer than at 
O, and at Q nearer than at P; and fo on, till it 

uite vaniſhes at Z. Which is the very matter of 


„as any one that pleaſes may eaſily ſatisfy 


himſelf by experiment: 


222. Dr. Berkeley farther obſerves; that though 1bid. ſ{e2. 


the confuſion of near objects, ſeen by the naked 36. 


eye, reſults from too great a divergency of the 
rays, and in Dr. Barrow's experiment, from a 
convergency of them; yet that degrees 
of confuſion, either way produced, will have 
the ſame effect upon the mind. For, ſays he, 
« the eye, or (to ſpeak truly) the mind per- 
ceiving only the confuſion it ſelf, without ever 
conſidering the cauſe from which it proceeds, 
doth conſtantly annex the ſame degree of di- 


C HAP. . REMAR KS 0 
© ſtance to the ſame degree of confuſion. Whether 
that confuſion be occaſioned by converging, or 
by diverging rays, it matters not. Whence it 
_ follows, that the eye viewing the object Z 
"through the glaſs 2'S (which by refraction cau- 
* ſeth the rays Z A. ZS, &c. to converge) ſhould 
judge it to be at ſuch a nearneſfs, at which if it 
were placed, it would radiate on the eye with 
rays diverging to that degree, as would produce 
the fame confuſion, which is now produced by 
converging rays, i. e. would cover a' portion 
of the retina equal to DC in figure 42. But 
then this muſt be underſtood (to uſe Dr. Bar- 
rows phraſe) 17 5 prenotionibus & prejudiciis, 
in caſe we abſtract from all other circumſtances 
of viſion, ſuch as the figure, ſize, faintneſs, &c. 
of the viſible objects; all which do ordinarily 
concur to form our idea of diſtance ; the mind 
having by frequent experience obſerved their 
ſeveral ſorts or degrees, to be connected with 
various diſtances.” So far Dr. Berkeley. | 
But it diſ -. 223. Now ſuppoſing his principle. to be true: 
a” oy that apparent diſtance (or the idea of 
vaten diſtance) is ſuggeſted by W 8 confuſion, 
perimenc I agree with him perfectly in this his concluſion, 
in te viz. that the eye viewing the object through 
quantity of” the glaſs, ſhould judge it to be at fuck a nearneſs, 
apparent at which if it were placed, it would radiate upon 
diſtance... the eye with rays diverging to that degree, as 
would produce the ſame confuſion, which is 
a Rem. now produced. by converging rays a.” This is a 
222. juſt conſequence from the principle; but it ſhews, 
that an object ſeen but the leaſt confuſedly in 
glaſſes, ought always to appear within a foot or 
two of the eye at the fartheſt. Becauſe moſt peo- 
Je perceive by the naked eye, little or no con- 
ion in objects, placed at thoſe diſtances, or e- 
ven much ſmaller. But in Dr. Barrow's exp 
riment, objects appear confuſed at all degrees of 
2 diſtance, not exceeding their apparent 
ce to the naked eye. For the object being 
placed any where beyond the focal diſtanceof the 
glaſs, will a confuſed though the eye ſhould 
touch the glaſs; becauſe the rays fall 23 
upon the eye; and if the object be removed 
the glaſs gradually, or which comes to the fame, 
if the eye and the glaſs cloſe together, be gradual- 
ly. drawn from the object, the confuſion will in- 
b Art. 48. - creaſe» with the apparent diſtance ; which is 
always the ſame very nearly as it Would have 
© . 117. been to the naked eye thus drawn'batk®,"And by 
_ = uffing glaſſes of different convexities par cloſe to 
the eye, the apparent confuſion may be altered at 
os are, without altering the real and apparent 
iſtance, It follows then, from the difagreement 
of theſe „ Te with the concluſion above- 
mentioned, that the principle it ſelf is inſufficient; 
and conſequently that the agreement between 
4 red nearneſs and confuſedneſs, when the eye 


the image @ will be nearer to the eye glaſs B, . | 
54 r 


5 
5 


© | ; | 4 5 4 10 25 7 5 
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with reſpeck tö confulednefs ! and netceſſaril 


owing to the apparent magnitude inereaſing 
with be nee 46h 7 * | a h 2 
224. Again, Jet a concave. eye - glaſe, of a 393: 
8 focal diſtance than p 44 convex lens. and wil 
uſed in the ia experiment, be held cloſe to egen, 
your eye, and alſo to this lens, and then the ob- tcyed wii 
ject will appear confuſed through both, by rea- a concave - 
ſon of too great a divergency of the rays. in eye glam. 
falling upon the eye. But while theſe glaſſes are Fig. 4. 
gradually ſeparated, the confuſion will firſt de- 
creaſe to nothing, and then increaſe again, while 
the apparent diftance of the object is decreaſing 
continually. The. reaſon of theſe variations of 
confuſion, will appear from the motion of the 


ſecond image 1 in Rem. 2133 and ſhall be far- 


ther 52 7 70 in the next remark but one; "TY | 

\ "2220: by the way, this experiment ſhews : 

"that fag Joon perſpedives 4 be uſed with. 6 

out tubes; it being ſufficient to hold the head the uſe f 

of your cane with the eye-glaſs in one hand, and per{peRives- 

any other of the cane with the obje&-glaſs Without 

in the other hand ; and then to ſſide this glaſs bes. 1 

to a proper diſtance, ſoon found by tryal,.for 

ſhewing the objects moſt diſtinctly. Thus on 

may uſe the glaſſes of a perſpective as long as 

your arm, as I frequently do when I carry 

them about with me. But to procure à bright- 

er bew. of objects, it is better to have a. 

broader objett-glaſs than thoſe that are common 

F-included in tubes. | 3 
226. But to return. Let the order of the And wid 

N be now inverted ; that is, hold a convex ochet expew 

ens cloſe to your eye, whoſe focal diſtance is timenrs 

ſomewhat greater than that of the concave lens ed witty» 

or the convex ſpeculum, uſed in the three firſt CE 

experiments e; and by repeating them over a- — — 

n with this convex eye-glaſs, you will find „ _ 

> w ſame variations of apparent diſtance and 7 

magnitude as without the eye-glaſs*. But nq the f An. 1 

apparent confuſion and diſtance will always in 

creaſe both together, or decreaſe both together. "3s 

Which is contrary to the principle of confuſion. 

The reaſon of theſe variations of confuſion is this, 

Let the concave obje&tglaſs be at 4, the re- Fig. 44:45+- 

mote object at Q, its image formed by this con- 

cave at , from which the rays diyerge in falling 

upon the convex * - and let the ſe- 

cond image formed by this glaſs be at 4, from 

which the rays diverge, or to Which they con- 

verge in falling upon the eyr at B. Now fince - | 

the focal diſtance Y of the convex ey&glals B. 

is ſuppoſed" to be longer than Fg it follows, 

when the glaſſes are near to each other, that - 


than its principal focus 5 and the rares 

will divergenpon the eye as fram the image l. 

and the viſion will be diſtinct, if + be not do 

near the eye.” But while the glaſſes are drawn 
thing 


— 
1 
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o 
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thing and then becomes negative, the diſtance 
BI Will iacreaſe to Wia) nh become ne- 
a Art. 48. gative and decreaſe on the other fide of the eye*; 
© +.  -andronſequently as the rays fall more and more 
4 converging upon the eye, the confuſion will in- 
b Rem. "creaſe; while the apparent diſtance decreaſes b, 
d ,, 25 it did without the eye-glaſss,, 
„en 7 22/½ As to-exduding prænotions and preju- 
— — ices ; that is, as the author expreſſes it, in caſe 
. done abſtract from all other circumſtances of vi- 
ſion, ſuch as the figure, ſize, faintneſs &c. of 
the viſible objects 4; I anſwer, that when a gi- 
_ ven fixt object is viewed ſucceſſively through 
different eye-glaſſes bY cloſe to the eye, ſixt at 
any given diſtance from the fixt objeQ-glaſs ; 
the figure, ſize and faintneſs of the viſible S 
are not ſenſibly altered by the different eye 
Sol; and yet the edneſs, though very 
-ſenfibly altered, or reduced to diſtinctneſs, pro 
duces no ſenſible alteration of the * di- 
. ſtance e 5 tryals. 
22328. It appears to me e experiments 
apparens and many more that I have ed, that con- 
— fuſedneſs of appearance does not ſuggeſt nearneſs 
tuggeſt di- f any diſtance at all. Perhaps the reaſon may be, 


Aan. that moſt children and young people do not per- 


deive any confuſedneſs in near objects; becauſe 

they commonly pore upon their letters in learning 

to read and write; their eyes, like other parts of 

their bodies, being then more pliant than after- 

wards. And therefore though a confuſed appear- 

Aq , -ance of near objects; may gradually come upon 
tem as they grow older ; yet they rather avoid 
Ait than attend to it as a ſign of nearneſs; becauſe 
\-._ .,-.. they did not want it, having conſtantly been u- 
lad to other ſigns of nearneſs ſufficient for the 


rpoſe. | | 
4 * But we are told that a ſtraining of the 
the 1 eye, to prevent confuſedneſs, is a ſenſation that 
ing of che fupplies the place of it in ſuggeſting nearneſs 
Didi ſea, Her that this fenfation Ra ſomewhat 1 05 
0 ful might hinder young people from poring. But 
FP they do pore, — — to [oh Bu ſen- 


- 


ſation of ſtrajning 3 nor any need of it, to fi 
| nearneſs, though it afterwards comes upon them. 
e Forms ey grow older they ſtrain their eyes to 


Rinfnels and Jargencls, ether with a percep- 


«ou % ot 
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— | 


cCucles from the eyes. 


nor upon degrees of brightneſs 
appearance, let the following experiment be 


| bur radiate ſtronger than thoſe within doors, 
Now by ſli pping the hole to one fide of the. * 
fa 


ſenſibly alter the apparent magnitudes of objects 


in their centers of very different ſizes; it is well 


object, will be varied in proportion to. thoſe 


Lal ſhorter focal diſtances, the apparent 


A awe” iy 


.» BOOKAI, 1 


ould do by theory 3. becauſe they appear rather © 
2x7 0 Eben of + Krall dne 


230. Laſtly for farther ſatisfaclion, that appa - Not dot 
rent diſtance does not depend upon * falntueũi of 
confuſedneſs, nor upon the ſtraining of the eye, PPearance, 
faintnels of — 
tryed, To prevent confuſedneſs and the train - re 
ing of the eye, make a fine pin-hole in a card,” 
or a paper, and having applyed it cloſe to your 

eye, repeat any of the experiments abovemen- 
tioned ; and you will find that the objects will 
always appear diſtin&, even when the rays con- 
verge towards the op and yet the degrees of ap- 
2 diſtance will continue the ſame as be- 
fore; and will be ſomewhat more determinate, 
-becauſe the apparent 8 are now more 
diſtinctly defined by diſtin&er out · lines f. It is f Act. 117, 
beſt to look at objects without doors, becauſe 


appear more evident through a ſmall hole. 


pil, an reſtoring it alternately, while 

eye, the object and glaſſes are fixt 3 you cannot 

be certain of a ſenſible alteration. of their app - 

rent diſtances ;_ though their diſtinfineſs. and 

"brightneſs be greatly altered. And the ſame holds 

good in uſing the pin-hole without any glaſles. 
ecauſe, when it is cloſe to the eye, it does not 


oed at any diſtances whatever; and yet it cau- | 
very near ones to appear a, 
of the or through 


231 In like manner if the a 
object · glaſs of a teleſcope be: varied, by covering ſmaller 


it ſucceſſively with circles of paper, having holes pertures of 


known that the apparent brightneſs of any given 


apertures. But its ap t ce will not 
be varied: thereby, ſo long as. the ſame eye-glaſs 
is retained. But if it be changed ſor other eyc- 


of the object will now be F 
notwithſtanding that its faintneſs is in 5. Art. 348, 
This may be 3 in the manner . 
ſeribed-· in Rem. 205. Therefore. the increaſe of 
the apparent a e ee | 
nearneſs notwithſtanding the faintneſs ; ule wt; 214 4 
1 232+ I conclude then by induction of parti- Geveral = 
culars in all theſe experiments (to ſay nothing conclufion, 
of many more) that, whatever be the variations 
of the divetgency and convergency of rays, or 
of diſtinctneſs and confuſedn r 
| Sap. the apparent diſtan a giv 
f . with! glaſles, in 
field, or in any ſpacious place where the fan- 
ey haz room. enough. to work in b, is ſuggeſted n see Ren- 
40 us either principally or ſolely by its apparent _ 
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per to be 
taken no- 


tice of, 


Mazims in 


painting 


and per- 
peftive, 


hod ofphi 
thod Or phi- 
— 
Newt, Oft. the method of compoſition. This analyſis con- 
Query 31» ſiſts in making experiments and obſervations, and 


in drawing general concluſions from them by 


CHAP... 


*CATAances- in glaſſes, are indiſputably derived 
Fom our experience in viſion with the naked 


| eye ; it follows that here alſo the ſame general 


concluſion takes place. And therefore this con- 
cluſion, thus diſcovered by analyſis, may be aſ- 


ſumed as a principle in ſyntheſis, in order to ex- 


plain the phænomena of diſtance in viſion of all 

ſorts 3 according to the beſt method of philoſo- 
hiling deſcribed by our great Philoſopher in the 
Nowing words. 

233. As in mathematicks, ſo in natural phi- 

loſophy, the inveſtigation of difficult things by 

the method of. analyſis, ought ever to precede 


induction, ang admitting of no objections againſt 
the concluſions, but ſuch as are taken from ex- 
periments, or other certain truths. For hy po- 
theſes are not to be regarded in experimental 


philoſophy. And although the arguing from ex- - 


periments and obſervations by induction be no 
demonſtration of general concluſions ; yet it is 
the beſt way of arguing which the nature of 
things admits of, may be looked upon as fo 
much the ſtronger, by how much the induction 
is more general. And if no exception occurs from 
phenomena, the concluſion may be pronounced 
generally. But if at any time 4 any ex- 


ception ſhall occur from experiments, it may 


then begin to be pronounced with ſuch excep- 
tions as occur. By this way of analyſis we may 
proceed from compounds to ingredients, and 
from motions to the forces producing them: and 
in general, from effects to their cauſes, and from 
particular cauſes to more general ones, till the 
argument end in the moſt general. This is the 
method of analyſis: and the ſyntheſis confitts 


in aſſuming the cauſes diſcovered and eſtabliſh- 


ed, as principles, and by them explaining the 
phænomena proceeding from them, and proving 
the explanations.” So far Sir Iſaac Newton. 

234+ In the 139th article and thoſe that fol- 
low, I proceeded ſynthetically upon the prin- 
ciple of apparent magnitude; thereby to deter- 
mine the a t diſtances of objects ſeen by 
reflections and refractions in all caſes; And in the 
following remarks I intend to take notice of ſuch 
exceptions to the general determination, as have 
hitherto occurred to me; and alſo to ſhew the 
reaſon why they muſt be exceptions. But at pre- 
ſent I will proceed a little farther with the ex- 
tent of this principle. f 
235. To ſhew that objects do not always ap- 
pear to the naked eye in the real places from 


which the rays diverge, but frequently in other 
places, ſuggeſted to the imagination by their ap- 


parent magnitudes, I inſtanced in perſpective 


An. 138. and I ainting“: in which theſe maxims are uni- 


i 
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in the room u 


be 4 8 
PoN ART. 138. 39 
verſally followed. Firſt, to diminiſh the dimen- 
ſions of the figures of given objects in propor- 
tion as the objects themſelves are remoter from 
the eye; ſo that the magnitudes of the figures 
may always diſeover the diſtances of the objects. 
And ſecondly, to make the contours that bound 
the figures more faint or more ſenſible according 
as the objects are more or leſs removed from the 
eye ; and laſtly to leave out the minuter parts of 
{mall figures, eſ y about their contours, and 
to ſketch out the reſt — — indetermi- 
nately, in ion as obj are more re- 
— — white an object recedes from the 
eye, the apparent magnitude of the whole and 
of its ſeveral parts are continually decreaſing: 
and the contour that bounds it, being but a phy- 
fical line, ſoon faint and confounded 
with the colours of contiguous objects, and then 
diſappears, and next to that, the minuter exte- 
riour parts; till at laſt nothing remains but the 
appearance of the groſſer parts of a confuſed, in- 
determinate figure. And what is all this but 
chiefly the decreaſe of apparent magnitude of the 
whole and of its parts? | 
236. But to 


draught of the inſide of a long gallery, ſeen from dive 
one end of it, when the axis of the eye is di- draugbt. 
rected in a line liel to the length of the Fige 46+ 
room. And let this axis cut the plane of the 
draught in. and by the known ty cx 
ſpective o, the repreſentations of all lines, which þ see Acc. 
in the room are parallel to the axis of viſion, or 156. 
in this inſtance to the length of the room, muſt 
be drawn converging towards the ſaid point o ; 
thence called the center of the. draught. Such - 
are the lines Aa, Bb, Cc, Dd, which repreſent 
the four interſections of the two ſides of the 
room with the floor and cieling. It is manifeſt 
then, that the repreſentations of all equal lines, 
which in the room are perpendicular to theſe . 
rallels, and are in between them, or 
tween any other parallels to them, are con- 
tinually diminiſhed as they fall nearer and nearer 
to the center . Which is the ſame thing as to 
ſay, that all the linear dimenſions of the repre- 
ſentations of any row of equal objects, ranged 
pon any — woo to the axis 
of viſion, either on the floor below it, or in the 
cieling above it, or on either fide of it, are con- 
tinually diminiſhed as they fall nearer to the 
center o, and conſequently as they belong ta 
remoter objeQs. See Art. 156. Fic. 266. 
237. Theſe are the proportions of the parts Theeffeas 
or figures of the draught; and in looking upon of f uon 


it, we find, that the diminiſhed parts, placed the eye, 
in all poſitions round-about the center o, have 


a like effect upon the mind in ſuggeſting diſtance | 
from the eye, So that this effect is not owing. 


to any particular poſition of the ſmaller parts, _ 


Fd 


ſomewhat more particular, Peſcriptio 
let the figure 450 0 contain 2 perſpeRive of a peripe= 
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- --cellibove orbelo or on either fide of the center ing through plane glaſſes very light! 


o, but to their magni 

more evident in the perſpecti 

churches and all ſhort proſpects; in which all the 

6 largerparts and figures, though drawn almoſt with 
.  - equal ſtrength, do yet ſuggeſt unequal diſtances 
by their unequal magnitudes, And it is acknow- 

ledged by all the Artiſts, that I have conſulted, that 

the bare out- lines of a draught juſtly executed, 


only. Which is fill 


will ſufficiently diſcover the diſtances of the o- 


riginal objects, eſpecially when viewed with 
one eye p in the point of view. Becauſe 
the bare ſhapes of figures are frequently ſuffi- 


cient to diſcover what objects are repreſented by 
them. And herein the imagination is helped by 
looking through a ſhort tube, or through ones 
hand coiled round like a tube, to hide the ap- 
pearance of the collateral parts of the paper, not 
put into ive. 
5 frequently made as ſtrong i 

a draught, are frequen as in 
and about —.— as — where elſe —.— 
ſometimes ſtronger, Becauſe a fide light, "thrown 
equally upon the original objects, is reckoned 
the beſt ; and becauſe a ſtrong light is the more 
neceſſary for diſtinguiſhing the fmaller 

near the center of the draughts. The ows 
indeed of remote objects are generally omitted, 
being originally too weak to affect the eye. 


the rays of ſome colours through the air and va- 


colours Mut chi 


| y by their mixture with the 
mays of an azure colour, 


reflected from very 


long quilltities of intermediate air and vapours. 
eie: 240. The aerial perſpective of a remote coun- 
-give place try is preſerved when we view it through 


iro thoſe of à concave lens. And here the linear perſpective, 
linedr per- from which the rays diverge upon the eye, is 
ſpeatives. accurately oe op in the image of the 
| country,-formed by the lens upon a plane paſſing 
through its principal focus at right angles to 
its axis. Now when the eye is applyed cloſe to 
FW the lens, this imaginary perſpective, or indeed 
the ſimilar perſpective upon the retina, excites the 
ſame idea of the country as is uſually excited by 
© Art. 417. an equal perſpective of it formed upon the retina 
ofthe nakedeye. But when the lens is fixt andthe 
eye is drawn back from it, and conſequently from 


> An. voc. ur 1 


"RT 25 country, though the aereal perſpective of co- 
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ives of ſmall rooms, 


to the diſpoſition of the lights in 


239. Theſe are the principal maxims and 
ſpective effects of Linear 7 3 Which in paint- 
—_ ing is improved ereal perſpective, or the 
- - art of imitating the apparent degradation of the 
Colours of natural 1 in proportion as the 
bodies are gradually removed from the eye. This 
dation is partly cauſed by the tranſmiſſion of 


; { pours, is greater 49 than the rays of other 


ſame nearneſs ; becauſe the 


aginary perſpective at its focus, the ſimi: 
I | pective 8 is now diminiſhedo, 
I | excites- an idea of a greater diſtance of the 
g it is farther confirmed by its cloſe agreement 
Jours continues the ſame as before. But in look - 


y tinged. 
with the ſmoke of a candle or witch any faint 

and tranſparent colours, I do not remember 

that either the * magnitudes or the a s þ 
peu diſtances of remote objects were enk 8 
ly altered ; though the natural degradation of 

their own colours was | ow diſturbed by the 


tincture of the colour of the glaſs.” By putting 
theſe things ther, it ſeems evident to me, that 
the linear pe ive of a painted landſkip has 
a more powerful effect in ſuggeſting diſtanc 
than the aereal perſpective of colours. 


241. To this it may poſſibly be objected, objeaion 
that certain large and remote objects, as moun- anſwered. 
tains or cities, ſeen very clearly through an air 
more pure than uſual, appear fenfibly nearer 
than they generally do when the air is grofſer®, c See H.. U 
TY _ aſſured * mw or 2 inſtances of — _ 

is kind by ve judges in matters; Ober. pu 
— . . Berkeley himſelf; whe <4 . 
told me, that when he travelled in rah and 
Sicily, where the air is generally much clearer 
than here in England, he was frequently ſurpri- 
ſed with appearances of this fort : viz. that a 
diſtant city, or the like object, that appeared 
very lively and ſtrong, appeared alſo much near- 
er to him, than he knew it to be, by more cer- 
tain ways of eſtimating its diſtance. But in my 
opinion theſe phænomena are not at all diſagree- 

le to the uſual relation between apparent mag- 
nitude and diſtance. For our idea of ſmaller or Idea of 


S. S T8572 


+ o& 


| vw magnitude is not a ſimple idea of a ſmal- mgnirud: 
er 


, g ; not ſimple 
or greater uniform ſurface ; but includes al but com · 


ſo an idea of a' ſmaller or greater number and 


variety of diſtinct parts of the known object, 1 4 
. not" imagined, but actually 


perceived by the 
yy together with various degrees of their evi- 

ency. Now ſinee the minuter parts of a known 
object, which are uſually rn a groſſer 
air, become more evidently revealed in a pu- 
rer; the object ought to appear ſomewhat nearer 
through the purer than through the common groſ- 
ſer air: and almoſt at the ſame — at 
which it would appear, if the ſpectator ap- 
es ſo far towards it, till he could ſee the 

me number of minute parts as clearly in a 
groſſer air, as he faw them in the purer 
from à greater diſtance: I ſay almoſt at the 
ter apparent 
magnitude of the whole object, ſeen from the 
nearer ſtation, if it be known and familiar to 
us, will alſo contribute to leſſen its apparent 
diſtance : not to mention the view of a imaller 
extent of the country interpoſed. 

— Now though this explanation does not The anc 
totally exclude concurring ſaggeltions of confirmed 
nearneſs by the aereal FO abovemen- by tele- 
tioned, (as I do not intend it ſhould, ] yet I think ſcopes. 


with the principal, if not the - cauſe that 


855 


CH AP. 5. 


ſuggeſts the nearnefs of objects ſeen through te- 
copes, (eſpecially ſuch as are adapted for 
4 Art, 356. obſervations by day-lighe 22 cauſe does 
. not confiſt ſo entirely in the greater apparent 
| the whole object, (which fre- 
cannot be wholly 
2 a fixt teleſcope, ) as it conſiſts alſo in a 
clear and diſtinct perception of a much greater 
number and variety of minuter parts, than can- 
ly be perceived by the naked eye. | 
ob. 2443. Hence (by the bye) it comes to paſs 
jects appear 3 228 in looking through 
ſmaller teleſcopes, are oſten diſappointed in their ex- 
through te- peclations of their performance; For example, 
pou a 
when the face of a man, fitting at too; yards di- 
than we aſe ſtance, is propoſed to be viewed through a te- 
”_—_— leſcope that magnifies 100 times in diameter f 
= bs 4 to ſee a gigantick fort of a face at 
leaſt as broad as the full moon: (which I am fa- 
tisfied was Frier Bacox's notion of this matter, 
and ſhews that he never looked through a tele- 
d Rem. fcoped:) and indeed it goa Ons ne 
171. fidering are apt to think, that the © 
will — 1 4 place and at the ſame 
diſtance, as it does to the naked eye; and con- 
ſequently like a ſurface 100 times broader than 
that of the real face. But upon tryal it appears 
about 100 times nearer ; and then this nearneſs 
of appearance becomes the only cauſe of their 
admiration. For fince the face appears in the 
teleſcope of the uſual fize, and with the uſual 
diſtin&neſs and variety of features and minuter 
parts, as it would do to the naked y about 
a 


magnitude of 


4 Art. 143, 100 times nearer to it e, they are not —_—_ 
with any uncommon circumſtance in thi 2 
pearance, excepting that of the nearneſs it ſelf. 
Another thing 1s, that in looking at the face with 
the naked eye at 100 — 
to conceive it larger, in proportion to the di- 
ſtance, than if it was nearer, For the general 
air of a known perſon ſuggeſts to our memory 
a genera] notion of ſeveral features, which up- 
on examination are not ived by the eye: 
a5 we are plainly ſenſible in looking at ſtrangers 
or any _—_— ———— require a = 
particular perception of their minuter . 
that this prænotion contributes alſo to Sue the 


obſerver's expectation of the performance of the 
teleſcope, _ very t and admirable 
in diſcovering 


e minuter of things. And 
this is the juſt and true ſents of the defaition of 

apparent magnitude in Art. 98 and 104. 
26 id 244. Leonardo da Vinci has made a curious 
vacion upon Obſervation not improper to be mentioned in 
the relievo this place 4: that a painting, though conducted 
in painting. with the greateſt art, and finiſhed to the laſt per- 
4 Treaziſe ſection, both with regard to its contours, its 
of painting lights, its ſhadows and its colours, can never 
t. 178. ſhew a relievo equal to that of the natural ob- 
. 1723 jects; unleſs theſe be viewed at a diſtance and 


at one view, 
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with a ſingle eye. Which he thus demonſtrates. 
If an object C be viewed by a ſingle eye at 4, all Fit 47- 
objecta in the ſpace behind it, included as it 
were in a ſhadow ECE caſt by a candle at 4, are 
inviſible to the eye at 4; but when the other eye 
at B is opened, part of theſe objects become vi- 
ſible to it ; thoſe only being hid from both eyes 
that are included as it were in the double ſhadow 
CD, caſt by two lights at 4 and B and terminated 
in D; the angular ſpace EDG beyond D being 
always viſible to both eyes. And the hidden ſpace 
C Dis ſo much the ſhorter, as the object C is Kal. 
ler and nearer to the eyes. Thus he obſerves that 
the object C ſeen with both eyes becomes as it 
were tranſparent, according to the uſual definition 
of a tranſparent thing ; namely, that which hides 
nothing beyond it. But this cannot happen when 
an object, whoſe breadth is bigger than that of the 
pupil, is viewed by à fingle eye. The truth of 
this — is ther = evan Arey 3 
inted figure intercepts all the behind its 
apparent place; fo 5] reclude the eyes from 
_— every part of the imaginary ground 


245: Hence we have one help to diſtinguiſh some ad- 
— ce of a near object more accurately with vantages in 

eyes than with one ; in as much as we ſee viſion with 
it more detached from other objects beyond itz doc eyes. 
and more of its own ſurface, / aig Þ ber VELA 
roundiſh. And therefore ſuppoſing we judged 


of its diſtance by nothing elſe but by its appa- 
rent — 1 our judgments muſt be ſome- 
what diff 


erent with one eye and with both ; for 
this other reaſon alſo, that with both eyes we 
ſee objefts much clearer and ſtronger as well as 
larger. And upon ſecond thoughts * I will not e See Art. 
diſpute whether the feeling of the turn of our 138. p. 51. 
eyes, in directing their axes ſucceſſively from a line 21. 
remoter object to a nearer, or on the 8 | 
may not contribute to correct our judg- 
ment of its diſtance: certainly, as ſoon as this 
poſition of the eyes is obtained, our perception 
of the object becomes much clearer and ſtronger 
than —— For before that, by attending nicely 
we may always perceive two fainter appearances 
of the objec Ae each other ſwiftly 
and tranſverſely, till they jump together into 
— clear image. _ therefore it is 7 2 
t perſons u loſing one eye, are ſubject to 
— in ſmall diſtances, 2, # pouring out 
liquors from one veſſel to another, or in ſnuſſing 
a candle, or in the like actions. But by degrees 
they betome more expert, as I am well informed 
by an experienced perſon ; and the Hon, Mr. 
Boyle takes notice of the ſame thing d; and adds, d 7 
that by an experiment ely made, he found 7 
times, that with his two eyes together he 
ſaw an object in another place, than he could doby 
either of them alone. 2 of this xind may be 
4 in Art. 137. But when the objects W 


obſ. 
vi- 
fight, 
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42 
large and pretty remote in compariſon to the in · 
terval between the eyes; all theſe ſmaller helps 


become ineffectual, except that of the greater 


In what 
caſe greater 
faintneſs 
ſuggeſts 
greacer di- 
Rance and 
how. 


a Rem, 
241» 

The princi- 
pal poĩnt e- 
Kabliſhed. 


b Rem, : 
24%. 


The con- 
cluſion of 
this difſer- 
tation. 


vivacity or ſtrength of appearance. 

246. Laſtly, when the moſt remote objects 
of unknown magnitudes are ſeen in the horizon 
ore above another; as mountains above moun- 
tains, houſes above houſes, and the like: no doubt 
it is the greater blueneſs, or faintneſs, and the 
greater height together, which ſuggeſt the idea 
of a greater diſtance of the bluer and higher ob- 


jects; becauſe we are ſenſible of the ſame thing 


in painting, and becauſe we have no other means 
of information in both theſe caſes. Nor do I de- 
ny, that ſome degrees of faintneſs, ſtill ſmaller 
than theſe, by obſcuring the contours and ſome 
of the ſmaller parts of an object, placed at a 
leſs diſtance than that of the horizan, may cauſe 
it to appear ſomewhat ſmaller, and conſequent- 
ly almoſt as much remoter, as it would appear 
to the eye removed ſo much farther from it.in a 
clearer air, till it ſhall appear of the ſame fize 
and with the fame number and variety of mi- 
nute parts as it did before in the groſſer air a. 
247. But, when we take a view of a ſcene or 
landſkip of known objects, not ſo remote as to 
be ſenfibly obſcured by the air, nor ſo near at 
hand or fo ſmall as to ap ſenſibly different 
to one eye or to both >; Re any mo- 
derate diſtances whatever, at which we uſually 
perceive them and their diſtances, moſt diſtin&ly, 
clearly, accurately and in the utmoſt perfection; 
what I chiefly contend for is this ; that their 
apparent diſtances from the eye, as well as from 
one another, are principally, if not ſolely, 8 
pores to us by their apparent magnitudes: whi 


I think has been ſufficiently 2 | 
xfineſs of opti- 


. To conclude, it is 
clans firſt to find out and eſtabliſh the moſt ge- 
neral cauſe that ſuggeſts the diſtances of things, 
when ſeen in the utmoſt perfection; then, in 
order to account for the like appearances when the 


viſion is leſs perfect, we muſt conſider the extent 


and limitations of the regular operations of that 


general cauſe upon our minds; and alſo the im- 


pediments to its operations, ſuch as the little- 
neſs and the faintneſs of objects too remote, the 


confuſedneſs of objects too near, and the like. 


So that in order to the ſolution of any given 
phænomenon of diſtance, the effects of the ge- 
neral cauſe, if found inadequate to the given 
appearance, may be equated or corrected by the 

ects of the particular impediments, when pro- 


ved to be ſuch in the given caſe. Jult as the 


place and diſtance of a planet muſt firſt be com- 

uted from the law of its mean mation; and 
then be corrected by proper equations that mea- 
ſure its irregularities. This is the only juſt 


method of proceeding in all phyſical enquiries 3 
and therefore till the law of the principal cauſe, 


” 
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object Q, through the lens, in the ſame place 


and alſo when it is placed in the center of a 


Book r. 
anſwering to this mean motion, be well adjuſted, 
it will be in vain to apply the equations, . 
Upon Ax r. 142. :- 
„ Pag. 53. line 2. Fourthly, aubem à ray Fic, 2 
P of — Bal to the eye, —_ an angle * 
PO equal to AOC or #Ox : which problem 


may be ſolved as follows, In the axis of any Fig. 48. 
convex lens whoſe center is Z, take EG and 


E I ſeveral] to twice its given focal di- 
ſtance, and let diſtance E Q, of the object 
from the lens, be bigger than EH; and taking 


OG to GE as EH to HA, and placing it from 
the lens, the eye being feel at O will ſee the 
as if the lens was taken quite away. Likewiſe, 
if the place of the eye be given, the place of 
the object may be had by the ſame proportion: 
which may be demonſtrated from Art. 139, or 
from the firſt term of the ſeries in Art. 247, by 
purting the value of the apparent diſtance On 
=QP. 2 1 111 
Upon Ar. 146. 

250. line 1. Therefore in theſe two caſes the pio. 
Hes 1 in the place its image. This will 7 
be farther evident by producing P = till it cuts 
the refrafting plane CA at right angles in D. 
For ſuppoſing rays as PA to flow from P, ſince 
D is to DP, in the given ratio of the ſine of 
incidence to the fine of refraction b; it follows b An. 223. 
that while the focus P is moved along the'ob- 
jet P, the correſponding focus will de- 
ſcribe an image , parallel and equal to P“. * Arr. 244, 
251. In the other caſe of reflections from the io. 210. 
plane CAD ; ſince Dr is equal to D P, all the 
rays that flow from P will diverge from w after 
reflections . And conſequently while the focus c Art. 1201. 


is moved along the object the focus w 
mi deſcribe an image = and equal to 
2 


252. I touched upon ſome other caſes in Art. 
142, in which a ſmall obje& is equal to its image 
and appears in its place, when it touches any 

thin lens, or any reflecting or refracting ſurface ; 


concave ſpeculum 3 or in the center of a ſingle 
ſpherical ſurface of a denſe medium, 

253- I think there is but one caſe more of Fig. 49, ;@. 
this kind, in ſingle bodies, via. when the di- 
ſtance E Qofan object PA, from the center of a 
convex lens or of a ſphere or of a ſingle convex 
ſurface of a denſe medium, is equal to the ſum 
of its two focal diſtances, For then the oppoſite 

diſtance £q of its image, is alſo equal to that 
ſum 4; — conſequently the object P 2 is equal d Art. 236. 
to its image pg * ; and ſhould appear in its place, Au. 24 
by the general rule mentioned at the end of the 
preſent article; viz. that Os, the apparent di- 
Lance of the objett, is to Qg, the difance 5 
image, 


| CHAP: 5. 


image, the object P * 1 its 5 | 
95 eee 
74. 


254. By which it is plain that the object 

. cannotappearin the place of its image, (at leaſt to 

a ſingle eye, j but when they are equal to each other. 
Dpon Ax r. 148. 

fallerex- 255. Since the phanomena of apparent mo- 

lanat ion 


de appr 


— 5 bly be more ſatisfactory to explain them 2 
in a farther, * of a cloſer compariſon of them 
« glaſs, with the like phenomena to the naked eye. And 
Att. 135. 5 we ſhall better underſtand what inſuper- 
attempting to explain them by the received 
principle of the, divergency a4 rays from the 
of the image. 
, , 2506. Other things remaining as they were, 
Jo join OP and through the center of the lens 
draw P E, cutting the viſual ray OA (produced) 
in 3 then the line pg, pe cular to the axis, 
An. 55 will be the A* of the object P; and when 
14% the eye is put cloſe to the lens, the angles pOg, 
* ”y be very nearly equal to each other b. 
257. 1. 
z from the lens to an point O, if the diſtance 
Oq be leſs than 09, the angle pOg will de- 
creaſe quicker, or in a greater proportion, than 
An. 66, the angle PO does ; and conſequently the 
apparent magnitude of the fixt object P A, ſeen 
in the lens, will alſo decreaſe quicker than it 
would do to the naked eye if the lens was taken 
Art. 106. away d. But ſuppoſing t the ſame time, that 
208. the object P N were moved from the naked eye in- 
to the ſucceſſive parallel places u, ſo quick as 
to ſubtend a decreaſing viſual angle = Ox con- 
* equal to the angle pOg, formed by the 
refracted rays; its apparent itnde to the 
naked eye, would then become conſtantly equal 
to its apparent magnitude in the lens: and there - 
fore it would apf ear to recede from the naked 
eye, with the ſame velocity, with which it will 
appear to recede in the lens, while it ſtands fixt 
in the place P. 
demon- 258. For the two pictures upon the retina 
ration, being both diſtint and conſtantly equal and 
fimilar to each other; and the ſenſe being not 
at all affected by the refractions of the rays, 
but only by the magnitude of the picture thence 
reſulting ; the mind muſt needs make the ſame 
judgment upon the ſenſations of this decreaſing 
picture, as it uſually and conſtantly makes up- 
on the like ſenſations of a like decreafing picture 
of an object moved forwards from the naked eye. 
259. Caſe 2. Now let the diſtance Og be 


ib n. 
trom the lens to any point O; 
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to the ſucceſſive 


of tions in glafſes, were deduced from the definition - 
that I gave of apparent diſtance , by no other 

or m- mediums than thoſe of geometry; it may pt 
e 


le difficulties and contradictions will ariſe, in 


ence while the eye is receding. 


greater than O and while the 14 receding 
angle 507 


43 
will decreaſe flower, or in a leſſer proportion, 


than the angle POP does. And conſequently e Art. C0. 

the a t magnitude of the object PN, ſeen 

in the lens will alſo decreaſe ſlower than it would 

do to the naked eye, if the lens was taken a- 

way f. But ſuppoſing at the ſame time, that the f Au. 104. 

object P 2 were moved towards the naked eye in- 166. 

parallel places w x, ſo quick as 

to ſubtend a decreaſing viſual. angle = Os con- 

ſtantly equal to the angle pOg, formed by the 

refracted rays ; its apparent magnitude to the 

naked eye, would then become conſtantly equal { 
to its apparent magnitude in the lens: and there - | 


fore it would appear to approach towards the 


naked eye with the ſame velocity, with which 

it will appear to approach in the lens, while it 

ſtands fixt in the place P“. Rem. 
260. Caſe 3. Laftly, if the fixt image pg be be- 8. 

hind the eye, moving backwards from the lens to Dr. Bar- 

any point O; the angle 40 B or pOg will now e' dif- 

increaſe, while the angle PO is decreaſing: cult caſe 


demon 


and of conſequence the apparent magnitude of 

re _ 

its apparent magnitude to the naked eye would 

decreaſe, if the lens were taken away. Bat if the 

object be moved towards the naked eye into the 

ſucceſſive parallel places v, ſo quick as to ſub- 

tend an increaſing viſual angle O conſtantly 

equal to pOq or AOE, its apparent magnitude 

to the naked eye would become conſtantly equal 

to its apparent magnitude in the lens ; there - 

fore it would appear to approach towards the 

naked eye with the ſame velocity, with which 

it will appear to approach in the Jens while it 

ſtands fixt in the place P2 ® : eſpecially if the Rem. 

object be viewed —— 2 pin- hole to procure 55. 
iſtinct viſion. . 

261. When the eye is put cloſe 22 Fig. 54+ 
refracting ſurface AC, let the refracted viſual 
ray DCp cut a line Pr, drawn parallel to the 
axis, in 43 and the object A 9 
the place of the perpendicular rs*. And while 139% 
the eye is receding, from C to any point O, the 
apparent diſtance of the fixt object P may be 
ſhewn, as above, to vary in the ſame * 
tion, as it would vary to the naked eye, if the 
equal object rs were moved from the place 22, 
with ſuch a velocity as always to ſubtend the 
variable viſual angle pOg or AOC, 

262. Hence while the eye recedes from a fig- 1 
refracting plane ſurface AC, the object P2 will 
appear immoveably fixt in the ye of its image 
vg; becauſe it coincides with the place and 
magnitude of the perpendicular rs *. em. 

263. For ſince we are conſtantly accuſtomed J. 
to certain known degrees of increaſe of the ap- 3 
parent magnitude of a fixt object, while we are — 
approaching towards it; and to the like de- 

of decreaſe while we are receding from it; 
it is neceſſary that the degrees of * 4 
| | 1 | 


F 2 


44 
nitude peretived 

: ked eye, ſhould vary quicker than theſe, in or- 
der to excite an idea of the departure or approach 


of an object. 

264. tnx mo bole to is put cloſe to a reflect- 
ing ſurface AC, let the reſſected viſual ray D Cp 
cut the line Paz drawn parallel to the axis, in 
r3 at thee andthe ag r in the place 
* Art. 139. of the perpendicular *. And while the eye is 

receding from C to any point O, the variations 
of apparent diſtance may be explained as above 
dy EE the motion of the equal objeRt 
n e naked eye, to begin from the 

ace rs. | 
265. In refleftions at any ſingle ſurface it 
might eafily be ſhewn that the diſtance Cx is e- 
qual to C; and in refractions at a ſingle fur- 
ce, that Cx is to CD in the ratio of the ſines 


Fig. $6, 57. 


a Rem. that meaſure the refractions . 

250. 266. Hence alſo while the eye is recedi 

Fig. 58. from a plane looking-glafs, the object PQ wi 
appear immoveably fixt in the place of its image 
pg, becauſe it coincides with the place and mag- 
nitade of the perpendicular rs ; and for the rea- 
ſon juſt mentioned in Rem. 263. 

The phz- 267. Theſe and many more concluſions of the 

— like fort, deduced from the definition of appa- 


Fc cola. Tent diſtance in glaſſes b, I find are agrecable to 
acer wg the phznomena, as well when the image ts be- 
b Act. 135. hind the eye as when it is before it. But the 
image is here introduced, not as a medium that 

affects the ſenſe, but the underſtanding only ; 

in order to determine, by geometry, the varia- 

tions of the viſual angle fubtended by it. When 

the image is behind the eye the phænomena of 

diſtance are allowed, by Dr. Barrow, Mr. ame. 

» Optica Gregory and the beſt writers, to be inexplica- 
promota ble, upon the received principle of the diver- 
prop. 29. g of rays from ĩt. But ſtill they contend that 
the object appears in the place of its image when 

before the eye; which indeed, by a coincidence 

of the effects of different cauſes, is agrecable to 

reaſon and to the phiznomena in two or three 


c Rem. obvious caſes abovementioned e, but in general 
250. Kc. it is — „ to both, as I ſhewed a- 
d Rem. bove 4, and will now ſhew it again in a diffe- 
213. &c. Tent manner. | 

Bur are in- 268. For, ſetting aſide the ſenſations of diffe- 


explicable rent degrees of apparent magnitude, why does 
by the di- not the oye appear always in the place of its 

en bigger or leſs than it ſelf, as well 
as when equal? And moving the eye back- 
wards or 3 y does the object appear 
at reſt in the latter caſe, and in motion in the 
former; ſometimes backwards and ſometimes for- 
wards ; with certain d 
city in certain cafes ? Allowing that the object 
appears in the place of its fixt image to the eye 
fixt in any one given place, it pre. alſo to ap- 


vergency of image, w 
tays. 


pear there to the eye in any other given place: 


At MARK VPON ART, 188, 
in glaſſes, as well a3 by the na- r 


of apparent velo- 


that is, it ought to 
white the eye is in motion from plate | 
I think nothing can be plainer than this coneſu- 
fron, but till we may confider it in this vrther 
light. Suppoling a real object, cyual and fimi- Fig. 5: to 
lar to the ĩmage pg of the objet to be put 17 ; 
into the place 291 it would certainly appear at 

reſt to the naked eye approaching towards it or 

receding from itz and its pi upon the re- 

tina being conſtantly equal and ſimilar to the 
picture of the obſect P Q ſeen in the glaſs ; this 

obje& P Q ought iſe to appear at reſt. Which 

being directly nyo A the general phæno · 

mena of viſion in all of glaſſes, might be 

ſufficient to ſhew the unreaſonableneſs of the re- 

ceived hypothefis ; viz. that an object appears al- 
CS re the eye. 

269. But beſides this, there is another plain Apparene 
conſequence from it, as oppoſite to experience as [2:*ral mo- 
the former; to wit, whenever an object appears den 4“ 
in the place of its fixt image, it onght to . 
pear fixt, not only to the eye moving ba 
or forwards, but ſideways alſo. Nevertheleſs” in 
moſt caſes theſe apparent lateral motions are ve- 
ry-great, though that of 1 ** be very ſmall; 
and I find both by theory experience that 
they are reducible to the following rules. | 

270. When the fixt image ; lyes between the Fig 3, 56. 
eye at O and the apparent place « of the point 
„Key 1 lateral motion of the N71 2 
(like a real motion of the point catried by the 
angular motion of the line Oqs about the fixt 
5 will tend the contrary way, from the 
axis of the glaſs, to the eye's lateral motion from 
it. Becauſe the viſual rays that fall ſucceſſively 
upon the eye in different places, do all diverge 
from the fixt point g very nearly; and becauſe 
we refer the a ppertance of the point 2 to the 
place « beyond the image g. 

271. Conſequently when the points q and « Fig- 55 1% 
coincide, there can be nd apparent lateral mo- 
tion of the point S; which agrees with com- 
mon experience, of objects ſeen by reflection 
from a plane looking-glaſs, if it be wrought per- 

_— P ne, or from ſtagnating water; and al- 

ſo of objects placed under water and ſeen by re- 

fractions thro? its ſuface ; provided in this latter 

caſe, wherein the image is imperſect a, that the * Nen. 
lateral motion of the eye be not very great. 

272. But when the image g lyes beyond the 
N e place a, the apparent lateral motion of 

e object Q, agreeable to the real motion of 
the point , will tend the ſame way from the 
axis as the eye's lateral motion does; as likewiſe, pig. ,,, 
when the image q is infinitely remote or behind 
the _=— This is evident for the like reaſons as in 
" ST 1 Tuppoſed all the rays flow 
273. I have here rays flow- 
ing from the point 2, to belong to the fixt 
point q, after reflections or refractions, either 


ACCU - 


Fig. 52, 57% 


H Ar. 5. ; 


WE as? oye z becauſe when the 


eye are not too great, the aberrations of the 
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or the lateral motions of Da, whoſe 
is the 


„be an vndinate to the axis of 3 parabola 
parameter belo to its aui, 


given focal ane 73 and whoſe Tegs 0 


outward rays from y will be found too ſmall and tend towards O if the lens be congave, other- 


therefore inſufficient to account for theſe large 

2 of apparent lateral motion; even upon 

Dr. Barrow's hy potheſis, that the point 2 appears 

in the e wan of a portion of a cauſtick 

"adjoining to 3. See Art. 154. 

Upon Aar. 151. 
Ceometri- Though the manner, in which I have 
cal conſtru- explained this theory, is the eaſieſt that I could 
don of think of for determining an particular quantity 
the apparent of apparent diſtance, wy 15 for demonſtrating 
une, the reaſon of its increaſe or decreaſe in general 

poſi a more accurate and comprehenſive idea of 

tion of an it in all cafes be eaſier had by inſpection of 
object ſeen the figures, which I am going to deſcribe 
in any glaſs. - 275. _ Let an object be 1 4 
Glaſs and Point © of the axis Q of any given lens or ſpe- 
obje& fixt, a: oh t at C, whole focal f ones CF; and 
while che Jer the object Q be at the point q, 


the i of 
9 to be — by Art. 207 or 236. To the axis 
Fig, 59 to 
67. 


C2 erect a icular CK equal to C2, 
and join X and while the eye at O is moved 
along the axis CO, tet it carry a line OD al- 
2 rpendicular to the axis, and terminated 
at by the fixt line Kg produced; I ſay, this 
perpendicular OD will be continually equal to 
the ſucceſhve apparent diftances of the fixt ob- 
jet Q from the moving eye at O: and when 
OD tends upwards, the ue will appint wp: 
right, otherwiſe inverted. 
© 276, The repreſent all the different 
poſitions of the line Kg to the axis of the glaſs, 
occaſtoned by the diFeret poſition of the fixt 
object Q and its image g with reſpect to the prin- 
cipal ſocus F. Pg tin 
277. Caſe 2. Let at int 
O of the 260 win oh lens 4 
fixt at C, whoſe focal diſtance is Cf} and let 
the i of the eye O be ut the point , to be 
found by Art. 207 or 236. To the axis CO 
erect a icular CN equal to CO, and join 
Noz 3 white the —_— D is oo along the 
axis C, let it a line 2D always perpen- 
„ te” 
t line No ; , thi cular 
2D will be continually : to * ſueceſſive 


apparent diſtances of the moving object 2 from 
F rr se ” 

wards, the object will appear upright, 

inverted. 


Eye and 278. Cafe 3. Let the eye be fixt at any point 
odject fixt, r axis 
while the OC. of any given lens C, whoſe focal diftance 
lens is m0* 3s the given line f Upon the interval O be- 
rig. tween the eye and object, build a ſquare OK 
„. and let the fide Kü, oppolite 10 che Interval 


object, be bigger than four 


r it; 1 2 5 
its axis O t it carry a line A 
icular @ the ai and terminate a p 
Da; I fay, this perpen- 
will be continually anal bs the 
ſucceſſive apparent diſtances of the fixt obj 
© from the eye fixtat O: and when OD 
upwards, that is, towards Ka, the object 
appear upright, otherwiſe inverted. 
279. If the interval O between the eye 
times the di- 
arg. r ſrom each end oſ it 
take of O f an verally equal to 
middle; and een this part F 
take a middle proportional GH, 
ſo in the mille I fay, the 
through the points G, H; 
the convex lens is paſſing over either of them, 
the apparent obje& will invert it ſelf. See Art, 
151. . A 
280. Caſe 4. r 


2OC of any given ſpeculum C, Chaſe princi- hile the 
pal focus is Upon the interval O'2 as a baſe, Peg 
make a Ile 


Fig. $1,835 


concavity ; 
tain the interval O; and while: the | 
C is moved along its axis CF Ab 
that a line drawn from F perpendicular 
and terminated at D by the fixt parabola 
will be continually equal.to the ſucceſſive ap 
rent diſtances of the fixt object 


wards for a convex one, the object will appeas 
upright inverted according as FD uud up. 
wards or downwards. * 4 fon 
281. And if the eye and object be ecneceived 
to change places, . t diſtance and po- 
— dw object, continue the ſame a 
re. T L ri how wt © 4 
282. Biſect O in M, and a cirele deſeribed Limits of 
upon the center through the point K ur E, inverſion 
will cut the axis in the points G and H through e 
which the parabola will paſs ; and while the 
focus F is over G, the apparent object 
will invert it ſelf. f 


203 Heary hin thy laoreet OR between tis Fig. $3.34 
eye and object is contracted to nothing, that is, 
the eye views itſelf in a mts 


when 


Mn 2 a 
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equal do the focal diſtance F. | 

284. Caſes, If the interval ON between: the 
| , beck be given, While both. are in_mo- 
the eye and tion along the axis of any given fixt at 
15 * ther is kept cloſe to th biſect 

A while the © | cloſe to the eye 3) bi 
e- I OO i Me, and the e 
CF, of the ſpeculum, in F; and let CELX bea 
rectangular parallelogram whoſe height CK is 
to M as to CF; then let the given fide 
XL. oppoſite to the ſemidiameter C E, be an 
'ordinate to the axis of a parabola. DX L, whoſe 
Parameter to its axis, is CF, and whoſe conca- 
vity contains the i CE; I fay, 

that while the ſtick O is moved along 
axis CE produced, the icular MD to 
 * *he flick, akvays terminated at D by the fixt 

* parabola, will be continually equal to the ſuc- 
ceſſive apparent diſtances of the object 2 from 
the eye at O: and if the m CKLE 
be placed upwards upon CE for a concave ſpe- 
culum, and downwards for a convex one, the 
object will appea 
as MD upwards or downwards. 

„ ee 
and bola will cut the axis in the points 
G and H; and when M paſſes by G the appa- 
rent object will invert it ſelf. 

286. When the length · of the ſtick O2 is 
contracted to nothing, that is, when the eye 
views it ſelf in motion, the bola will Fo 
through C und Z; and F, he mee of its 
vertex from F, will be equal to its parameter 
FC or FE. | = 

287. In all theſe Conſtructions the apparen 
— $0.0 of the object is always reciprocally 

icular that repreſents its 

t diſtance. The demonſtrations of all the 

are ſhort, but having dwelt fo long 
upon — I will leave them to be de- 
duced from Art. 139 or 247 or 389 by thoſe 
that take pleaſure in Geometrick Places; and 
will conclude with a few general cautions and 
directions for a farther examination of this theo- 


Ty ments. 
Cenera) di os fa „ the obſerver muſt take 
regions for due notice, w the poſitions of things about 
examining him, and about the glaſs, and about the object 
this theory in view, allow room enough for his imagination 
dy expeti- to work in, For inſtance, ſtanding at a diſtance 
nents. from a perſon placed near the far end of a room, 
fuppoſe that I view him through a concave glaſs. 
While I gradually withdraw the glaſs from 
touching my eye, he will appear ſmaller and 
ſmaller and to recede a little; but though he 
appears continually diminiſhed, yet I cannot 
. canceive him farther removed than to the end 
+ of the room, though I ſee part of it alſo dimi- 
niſhed ; becauſe 1 fee the reſt of it more evi- 


* 


Fig. 87,88. 
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lum, the lines. MX, MG,-MH become ſeveraly den 


one end of a ſtick is viewed in it 


_ obſerver's 


upright-or inverted according 


F*4 0 Fe 
7 - 
= . 
. _— 
ry” 
— * 
4a „„ — 4 «„ „ „ * % 


— . 


* 


fart m the place 
in which I ſee him with my naked eye by the 
fides of the glaſs ; provided I remove the glaſs 


in a line directed exactly towards him, or even 
a little above him, or to either fide. of him. 
But if the line of direction falls below him, he 
will appear in the glaſs between me and his 
5 NO 5 

e, according to the uſual order of apparent ob 
jects on the ground, I ſhall be apt to think him 
nearer to me than his true place 1s ; becauſe the 
view of the intermediate ground by my naked 

e confines the extent of my imagination in the 
glaſs. In fig. 89, the man or object is P, the rig, tg.” 
eye is at O, the upper direction of | 
the lens at 4, is OAC; and the lower dire- 
dion of the ſame lens at B is O BD, terminated 
by the ground CD at D on this fide of the ob- 


ng kl 
289. In like manner if we conceive the line 
CD to repreſent the fide of a long building, or prog. dive ' 
of a ſtreet, inſtead of the ground; and the concave morions 
lens to be directed to any part of the houſes nearer ſtopt ſeve- 
to the eye than the place of the objeci PQ, it will t wr 
> hang. its true place does. Alſo if 

is figure be conceived to be inverted, ſo that 
CD may repreſent the cieling of a long gallery 
or of a cloiſter ; the directing of the g ſs to- 
wards a nearer part of the cieling than that of 
the object upon it, will make it ſeem nearer 
— its true 22 Which ; ma — the 2 

ediment to the imagination lyes equally in the 
nearneſs of the parts of thoſe ſurfaces, that are 
ſeen by the naked eye; and not in their lower 
or higher ſituation above an horizontal line 
drawn through the eye. Which reaſon is farther 
confirmed, by fixing the ſame glaſs in a hole 5 
made in a broad thin board ; or by looking into | 
the wrong end of a {mall perſpective, which 
will diminiſh obje&s, tho' it be cloſe to the 
eye, and ſo it will intercept the direct view of all 
collateral objects from the naked eye, as well as 
the broad board; and then any diminiſhed ob- 
ject will appear equally remote, whether the 


glaſs in the board or the perſpective be directed 
exactly towards it, or it, or above it, or 
towards either fide of it. 


290 Another obſtacle to the of the The fields 
imagination, not much different the for- are the pto- 
mer, is the continual diminution of the — pereſt places 
ty or number of objects, or of the parts of an ob- for theſe 
jeR, ſeen through a concave lens; in drawing it experi- 
farther and farther from the eye a metry 18 
difficult to conceive one of a known object 1 
or ſyſtem of objects to recede from the reſt, that 
a — 1 to be fixt in their places. 
ſame may be ſai 96 


tend 


46K 


. * 
— rr on 


v Art, 148, the 


Att. 135, naked eye at the ſame 


* 
„ 


CHAP. 5. 


ſeen a convex lens drawn from the eye. 
And ore upon ſeveral accounts, theſe ex- 
periments will ſucceed the beſt in the 2 fields, 
where the objects being remoter and ſubtending 
ſmaller angles at the eye, are more compleatly 
comprehended within the compaſs of the glaſs ; 
where the imagination has more room to work 
in; and where the mind being leſs prepoſſeſſed 
with a knowledge of the diſtances and ſituations 
of ob'ects than in à room, is more at liberty to 
perceive the difference between the ideas ſuggeſt- 
ed by the glaſſes and by the naked eye. 


when 291. I obſerved in Art. 144, that an object 
n he _ by refractions through any convex lens or 
Hould ap- * 
pear before appear behind it, or at it, or before it, accord- 


ections from a concave ſpeculum, ought to 
ing as the real diameter of the object is bigger, 


equal to or leſs than the diameter of the part of 
0 85 in the glaſs in which it ap 


rs, Hence it follows, 
that the object PR 

from the glaſs AC, i appear at the glaſs, when 
e is placed at its principal focus F; and, 
chat if the object be placed at a greater diſtance 
from the glaſs, than twice the focal diſtance 
CF or CF, it will appear again at the glaſs when 
the eye is brought to another point O; to be found 
by biſefting the diſtance C2 in o, and by ſup- 
poſing the point @ to be the focus of incident 
rays, and by finding their conjugate focus O af- 
ter refractions or refſections. For then conceiv- 
ing * OMA to flow back from the eye at O. 
and, after its reflection or refraction at any point 

72 Fr through o, to fall upon the ob- 

Pat R; the point R will be ſeen by a 
ray * returning back in the ſame lines RA, AO. 
And fince 62 was made to OC, the leg 
of the right angled triangle QR will be e- 
qual to the leg AC of the equal right angled 
triangle C.; and therefore the part Q K of 
the _ Pe will appear in the ſame place 
by refleQions or refractions, as if it were put in- 
to the place AC, and were viewed there by the 
point O“. 

292. Hence it is plain, if C2 be equal to 
20%½ that the point o will coincide with the 
principal focus /; and ſo the conjugate focus O 
wy 5 1 an 7 iſtance ; and if 

205 conſequently Co 
be Jef than CF, te int © Gin Al be- 
hind the glaſs, where eye cannot come : 
and laſtly if the object Q be very remote, the 
point O will come very near 10 F. 

293. Now let g be the place of the image of 
the object PIR, to be found by Art.236 ; then 
while the eye is receding from C to F the appa- 
rent object ſhould follow it, till. it touches the 
glaſs ; and while the eye is receding from F 
to g, the apparent object ſhould come through 
the glaſs, ſtill following the eye till it touches 
it when they both come to 43 and while 
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ced at any diſtance C 


47 
eye is receding farther back from g to O, the 
R gtoC; and 
_ while the wing cv ne near 
the apparent object again paſs through 
the glaſs and go — behind it 


of the apparent object by the 2 while the 
eye is continually moving from the glaſs. But 
by experiments with convex lenſes, I find that 
it comes forwards from behind the glaſs no far- 
ther than till it touches it, when the eye is at F; 
and while the eye is receding from F to O, that. 
it ſticks all the while at the glaſs, without. 
coming through it, and begins. to return as ſoon. 
as the eye has paſſed over the point O. 


295. But when the object is placed not far rig, 5 


from the center of a large concave ſpeculum,. 
though it does not appear to come out before 
the glaſs, while the eye is moving from the fo- 
cus f towards the image 4 yet when the eye is- 
got paſt the image, the object will often appear 
before the glaſs ; eſpeci + Sy viewed with 
both eyes. Which ſhews that the vigorous force. 
of the united ſenſations of the two pictures fal- 
ling upon correſponding places of the retina,. 
together perhaps with the ſenſation of feeling 
the mutual turnings of the axes of the eyes, are 
helps to our apprehenſion of diſtance. Becauſe- 
we To not theſe helps when the eye, being pla- 
ced between F and g, ſees the ohject either 
faintly though diſtin&ly through a pin-hole, or- 
elſe confuſedly with only. one eye, or double 
with both eyes and confuſedly tos. 
296. Whether one might not eontrive the ex- 
iment ſo advantagiouſly with. a very broad 
* as to make the object appear before it I dare 
not pronounce. But ſome experiments are ſa 
oppoſite to common experience, as to be hardly, 
reconciled to this part of the theory. For exam- 
le, when I place my fingers behind a round- 
llyed decanter full of water, either touching 
its back ſurface or at 4 — A it, 
will appear much r than . 
—＋ * had that touch the fore 2 
and 1 by theory the former fingers ſhould 
appear nearer to me than the latter. But this 
would be repugnant to conſtant both . 
of ſeeing and feeling ; ſince the fingers behind 
the decanter do not appear alone but joined to 
my hand and arm, of which I know and: 
rceive by direct viton to be behind the globe. 
lou whether the prejudice of knowing the 
place of any other object to be behind the globe 
or the convex lens, be not an impediment to 
its ap before it, I muſt leave to be con 
ſidered. | 


principal focus F of any convex lens ACB, its P 


apparent diſtance Os, trom the eye at any point oc, comes. 
the O, ſhould be continually equal to the | 


c Arr. 4 
294. This ſhould be the progreſs and regreſs d 23. 775 


upon 
297. If the object P R be: placed at the 9 


en fo: lens. 
WY "cal Fig 335 
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cal diſtance of the lens. This has been ſhewn 


before, but for the fake of 2 
cation, I will prove it again. Let E be the cen- 


_ ter of the lens, and fince the angle FOB, or 
» Og, under which the object 


PR appears, is al- 
ways conſtituted under a couple of ſucceſſive rays 
 OA,OB parallel to the axes PE, QZ of their 
reſpeQive pencils ; it is continually equal to the 


given angle PE R under the faid axes. And ſince 


the a object wg is always equal to the 
real object P it follows that the moveable 
triangle w Og is continually to the fixt 
< le PE „ that the ap- 


and — 2 
parent diſtance Os ſhould be continually equal 


to the focal diſtance EF or EF. This agrees 
perfectly with iments while the eye is 
-receding from the lens as far as its focus F, but 
no farther ; that is, the object appears to follow 
= 1 ee 
never ſo far back from F. wb 


"When it ap- 298. In this 8 J have obſerved far- 


. pears to 


ther ; that while the eye is moving any where 


Kick at the | between the lens and its focus F, as the object 


lens it 


iJeems to in- 


© 


to accompany it always at the ſame di- 
ce Ox, conſtantly equal to E Q ſo it a 

conſtantly of the fame magnitude. But while the 
eye is receding from F ſtill farther back, and the 
22 object ſeems to ſtick at the glaſs, it 
ſeems alſo to increaſe in magnitude; till the leaſt 
ei ſpot 12 it, whoſe diameter we may 
ſuppoſe to be P R, will appear to fill the whole 


fince the ſubtenſe AB of the given viſual angle 
AOB increaſes as its diſtance OC does, and fince - 
we refer the apparent object to the place of the 
ſubtenſe FB, we muſt needs conceive its 
real magnitude to increaſe. But fince the pic- 
ture of the letters upon the retina continues in- 
welt the ſame wherever the eye is placed, 
by reaſon of the given viſual angle 108, whoſe 
ven parts are alſo invariable ; it muſt needs 
to the mind the like invariable percep- 
tion of the leaſt ſenſible parts of the letters, to 

the eye in all places. | 


301. It follows then from this 
apparent magnitude ſho 


the magnitude of the viſual angle or of the pi 
cture upon the retina, and conſequently to 
number and variety of the leaſt ſenſible 
perceivable in an object, is unalterable either by 
the er of the imagination, or by any cir- 
cu whatever that do not affect this pi- 
cture. But the other, we have ſeen, is varied 
by the imagination m__ rtion to the diſtance 
at which we conceive ject to appear, whoſe 
picture upon the retina is invariable. For when 
the eye was at O and CO was double of CF, 
we imagined the real diameter of the obje& 
PR, to be in the place AB, and to be double 
of what we thought it to be at the fame place 
when the eye was at F. 
302. I have dwelt the Ic 


experiment and Hence 
from another that I am going to mention, that ſorts of z 

uld be diſtinguiſhed in- Parent 
to two ſorts: the one, being proportionable to dude. 


upon this expe- A like 


aperture, whoſe diameter is FB, when EO, the 
eye's diſtance from the lens, is to the focal di- 
Lace B9, as the faid ABisto PR; as I have 
found by accurate meaſures : which ſhews that 
ety agi was placed exactly in the focus f, or 


riment, in order thereby to illuftrate and confirm appearance 
the ſolution that I have given in Art. 164. &c. 0 char of 

of that famous and perplexing 1 of che — 
the various apparent magnitudes of the fun, f d dun 
moon, and conſtellations, at various heights a- and moon. 


that t bove the horizon. Let the object PR, now pig. 54,94 


A . 
GOT Me... But the moſt ſurpriſing 


iKance. 


rays OA, OB were reſpectively paral- 
lc] to the axes EP, ED, e. 
circamſtance of 
a iment is this, viz. that though the object 
de a plece of printed or written paper whoſe 
letters are but juſt legible at the ce 22. 
either through the lens, or with the naked eye; 
3 the lens with the 

e eaſe from any diſtances how great ſoever. 
But if the letters be rather too ſmall to be read 
diſtinctly when the eye is cloſe to the lens, or 
any where between it and its focus F; _ 
r 
while the eye is receding from F, yet the difh- 
-culty in reading them ftill continues the 
EP before ; notwi 8 that --— fry 
not appear magnified but alſo very diſtin 
the rays in each pencil being — wes ao- 
wed by the experiment. 

200. Now though theſe a ſeem odd 


ed 2 
= Apparent 7 at ; 


of apparent magnitude, For 


* 


intended to repreſent the moon, be a wafer ſtuck 
upon a card or white paper fixt upon a piece of a 
board ; or it may be any round diſtin& ſpot, 
whoſe diameter is at leaſt or four times leſs 
than the diameter of the a of the lens AB. 
Then let this object and the lensbe both fixt, up- 
on a longer board MN, at an interval from each 
other exact to the focal diſtance of the 
lens, to be by Art. 63 or otherwiſe, And 
when the board MN is firmly fixt upon a level 
with the eye of the obſerver, let him recede for 


the ſpace of four or five focal diſtances from the 


lens, till the wafer, ſeen juſt behind it, ſeems to 
fill its aperture or near it. Then Jet him imagine 
this apparent magnitude and diſtance of the 
wafer from his eye, to repreſent the apparent 
magnitude and diſtance of the horizontal moon 3 
and while he is returning gradually towards the 
Jens, the apparent magnitude of the wafer will 
feem to decreaſe in proportion to the decreaſe of 
its apparent diſtance from his eye ; in like man- 
ner as the apparent magnitude of the moon 2 


Other re- 
marks on 


HAP. 5. 
alſo to decreaſe in proportion to the decreaſe of 
her apparent diſtance, while ſhe is aſcending 
higher and higher, mo —— rts of the 
apparent concavity of the ſky ; whic a 
= ſucceſſively nearer and "kts to — — 
while it is directed higher and higher above 
horizon, as I have ſhewn in Art. 162, 163. 
303. Beſides, as the moon either high or low, 
always at the ſame diſtance us 29 
oſe clouds or parts of the ſky do that lye about 
her, ſo the wafer appears always at the ſame 
diſtance from the _ as the lens does with the 
frame about it, ſo long as the eye keeps farther 
from it than its principal focus. 'Theſe two phe- 
nomena agree alſo in the only circumſtance that 
crates the difficulty in ſolving the moon's ap- 
namely, that each of the viſual an- 
under which the wafer and the moon do 
everally appear, continue invariable; not by 
means of any refractions of the moon's rays, in 
paſſing through that imaginary concave — 
of the ſky, anſwering to the refractions of the 
other rays in paſſing through the lens, but becauſe 
the moon's real diſtance varies ſo little, during 
her aſcent or deſcent, as to cauſe no ſenſible 
variation of apparent magnitude, in caſe her ap- 
parent diſtance did not vary. Nor can I find any 
one circumſtance immediately perceiveable by 
Tight, in which theſe two phænomena do not a- 
gree ; in as much as the refractions of the rays 
at the lens do no more affect the eye, than if 
they had come ftraight through a plane glaſs 
from an increaſing or decreaſing wafer placed 
Juſt behind it. But if any one ſhould doubt whe- 
ther the looking higher and higher at the moon, 
and conſtantly horizontal at the wafer, be a di- 
verſity of circumſtances that can cauſe any diffe- 
rence in theſe appearances ; he may eaſily re- 
move this ſcruple by gradually elevating the 
far end of the board MN with the lens and wa- 
fer ſixt to it, and by gradually moving his 
eye towards the lens at the ſame time. I muſt 
confeſs I have not tryed the experiment in this 
manner, not having the leaſt ſuſpicion that any 
diverſity in the appearances can ariſe from this 
circumſtance ; but Fand it ſucceeds very accu- 
rately with a broad 5 foot · object-glaſs of a te- 
leſcope, while the eye is moving korizontally; 


and I think it will anſwer tolecably well with a 


glaſs of a ſhorter focal diſtance, or even with a 
common ſ le glaſs. It will alſo ſucceed 
well enough when the object is placed in the 
principal focus of a concave ſpeculum, inſtead of 
a convex lens. 

304. But to return to my remarks upon ſome 
other caſes in this theory. When the interval 


the theory beween my eye and a large concave ſpeculum 
of apparent was given, and was greater than its radius; the 


diſtance, 
iy 76. 


apparent diſtance of any ſmall bright object, firſt 
put cloſe to the ſpeculum, and then gradually 
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drawn from it, ſeemed to decreaſe to nothing 
and then to increaſe, after the apparent inver- 
ſion; according to the theory. But then I took 
care ſo to withdraw the object, that it always 
appeared to a fingle eye over againſt the ſame 
— of the ſpeculum; otherwiſe when it was 
een obliquely, and ſucceſſively over againſt ſe- 
veral parts, it ſeemed to move from me behind 
the ſpeculum. Becauſe the place of its image, 
from which the rays diverge upon the eye, at 
firſt recedes from behind the ſpeculum ; and 
_— affects the eye by rays flowing oblique- 
22 ſucceſſively in different directions from 

f t parts of the ſpeculum. And when both 
eyes are open, one of them at leaſt muſt be at- 
fected in this manner by oblique rays in diffe- 
rent directions; and beſides when the two ima- 
ges fall on correſponding places of the retina, 
the appearance muſt be ſtronger and remoter 
than to a ſingle eye according to the experiment 
in Art. 977. The obje& here uſed was a ſmall 
lighted candle fixt to the end of a long ſtraight 
ſtaff, which I drew back by the fide of my eye, 
having ſometimes a pin-hole before it. 

305. Again, in viewing my own eye or face, 
in a large reflefting concave, through a pin-hole ; 
while I recede from touching it to its principal 
focus, the apparent magnitude of my face de- 
creaſed and its apparent diſtance increaſed ; and 
the contrary happened in going ſtill back from the 
focus to the center, according to the theory. 
But without the pin-hole, the decreaſe of appa- 
rent magnitude was ſcarce ſenſible in going from 
the glaſs to its focus, | 

306. As to the neceſſity of theſe and the like 
reſtrictions, I need only obſerve in general, that 
without the pin-hole our judgments of apparent 
magnitude are not ſo certain and determinate as 
with it, the appearances without it being fre- 
quently too much confuſed ; and that our judg- 
ments of it are alſo more uncertain with both 
eyes than with one in many caſes. Becauſe in 
broad glaſſes we frequently ſee two appearan- 
ces, which ſometimes recede from, and ſome- 
timetimes accede towards each other, with tranſ- 
verſely oppoſite motions ; and when all things 
are fixt at reſt and theſe appearances are but par- 
tially united, (as if they lapped over each other) 
we ſometimes unwarily take them for a ſingle a 
pearance, much larger than it would be to a ſingle 
eye ; and ſometimes the common middle part 
of both is miſtaken for the whole, by not attend- 
ing to the fainter and weaker extremities" on 
each fide of the middle ; and then this middle 
part appears to be ſmaller than the whole would 
do to a ſingle eye. Thus your face put near 
to a large concave ſpeculum appears laterally 
larger to both eyes than to one; and being put 

near to a common looking-glaſs it appears late- 
_ narrower. Alſo the wriſt of your m_ 
JOY F 
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held upright and cloſe to forehead, appears 
much 9 —— to both on thin to one, or even 
to both eyes viewing it ſomewhat farther off. 
And the near approach of a broad image form- 
ed by a concave ſpeculum may cauſe the like 
appearance. I mention theſe things as ſome ge- 
neral hints, by which the diſagreement of the 
theory with experiments in a few particular ca- 
ſes may poſlibly be explained ; and I leave them 
to be farther conſidered by thoſe that have lei- 
ſure and inclination. 
307. Very remote objects, that WN con 
tiguous and at equal diſtances from the naked 
e, do generally appear contiguous and equi - 
iſtant through glaſſes, though their real di- 
ſtances from the eye be never ſo unequal. The 
truth of this propoſition is known to thoſe that 
with a teleſcope have obſerved the appulſes of 
the moon to the planets and fixt ſtars; and may 
be examined every day by viewing very remote 
mountains, towers or buildings extant one a- 
bove another. For all objects ſo remote that 
their pictures are projected very nearly upon 
the ſame plane at the focus of a teleſcope, 
are equally magnified b 
ſame given ratio 2. And conſequently what- 
ever real diſtance is aſſumed to repreſent the 
ſame apparent diſtance of theſe objects from 
the naked eye, will be diminiſhed by the tele- 
ſcope in the ſame given ratio in which the ob- 
jets are equally magnified. For further illu- 
ration, let KL and MN be any two objects 
that appear to the naked eye contiguous to each 
other at one and the ſame apparent diſtance, re- 
preſented by any given line O and let cer- 
tain parts KL, MN of theſe two objects ap- 
pear under the two angles KO L, MON ſeve- 
rally equal to any given angle PO and in the 
teleſcope let them appear under two other angles 
ſeverally equal to any other given angle O 
then their common apparent diſtance in the 
teleſcope, ſuppoſe Os, will be to O, in the 
given ratio of the angle PO to angle 
: s Ox, by Art. 141. 
Ceneral o8. Hence it is manifeſt that the apparent 
concluſion. diftance of an object ſeen in glaſſes, cannot be 
otherwiſe determined, than by aſſuming ſome 
certain meaſure of its apparent diſtance from the 
naked eye. But fince we uſually judge the +1 
be- 


a Art. 120. 


Fig. 95. 


parent diſtances of known and familiar obj 

to be proportionable to their real diſtances ; 

cauſe we find they increaſe and decreaſe to- 
gether to a degree of accuracy ſufficient for 
common purpoſes ; it follows, in theſe caſes if 
we repreſent the apparent diſtance of an object 
from the naked eye by its real diſtance, that the 
apparent diſtance in the glaſſes will anſwer the 
meaſure of it determined by 3 as exactly 
as in viſion with the naked eye. In other caſes 
where we know there is a great diſparity be- 
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ſes as above: which is 
be expected. 


it, that is, in the 


= 
* 
BOOK I. 


tween the real and apparent diſtances of an ob- 
ject, we muſt aſſume a certain quantity of real 
diſtance for the meaſure of its apparent diſtance 
from the naked eye, _ with it in glaſ- 

the accuracy that can 


Upon ART. 155. 


309. If this theory be examined, when the 
eye is placed within the cauſtick px, that is, 4 © 
between its cuſp p and the center of the ſphere glaſs full * 
or concave ſpeculum; it will be neceſſary to liquy,, 
apply a ſmall pin-hole cloſe to the eye, to pro- 
cure diſtin viſion. And if it be examin 
looking at a lighted candle or at any ſmall, 
bright object, ſeen through a drinking-glaſs full 
of any clear liquor, the object will appear to 
the eye, at any place whatever, always upright 
properly ſpeaking; and inverted only with re- 
pe to the right hand and left when the cuſps 
pg are before the eye. Becauſe the refractions 
upwards, of the rays paſſing through the drink- 
ing-glaſs, follow the ſame laws as if they had 
paſſed through the of a priſm held down- 
wards® ; (to which the conical figure of the b Art. 54 
glaſs may be com z) but the refractions | 
ſideways follow the laws of refractions through 
a ſphere ; which laſt is manifeſt by the appa- 
rent contrary motions of the eye or the glaſs and 
of rok object ſeen through it, though it appears 
upright. | 
310. The chaſm in the numeration of the fi- Theory of 
gures between Fo. 253 and 266, was occaſioned parent 
by reprinting this article and by Changing the ſhapes poll 
19th plate for another. For at firſt I attempted Poned. 
in this place to explain the apparent ſhape and 
curvity of objects ſeen by reflections md 
ctions; but finding it could not be done with 
ſufficient accuracy, without more geometry than 
what I propoſed to uſe in the Popular Treatiſe, 
I choſe to conſider it more at large in the Re- 
marks upon Art. 61 2. &c. 
Upon Ax r. 160. 
11. Since the printing of this article I was 
1 0 by the Honounble Mr. North that 
this apparent divergency of the rows of trees 
2 the ri g ground at the end of his 
viſta, is very manifeſt through a large perſpective 
as well as to the naked eye. 

312. „In ſhaving my ſelfby a glaſs hung in a 
window, which looks into a garden, it has ſe- 
veral times happened to me, that a fly has ſet- 
tled upon the window near my glaſs, and in 
creeping along has raiſed in me the idea of a 
hrge bird flying in the air, and ſometimes that 
of a dog, or cat, running croſs the garden, ac- 
cording as the ſituation of the fly, with regard 
to my eye, has projected its image either upon 
the air, or upon the ground. The reaſon of this 

appearance 


Appeatan · 


Dr. Jerin 
remarks 
upon falla- 
cies in vi- 
ſion, &c. 


CHAP. 5. 


I take to be this. My eyes were then 
22 upon my own image reflected from the glaſs, 
and were ſo adapted, as to ſee that image di- 
ſtinctly in a place as much beyond the glaſs, as 
my face was then diſtant from it; and the fly 
being much nearer me than that image, and 
likewiſe being ſeen obliquely, muſt conſequent- 
ly appear very indiſtinct, as well as larger than 
it would have done, had my eyes been fixt up- 
on it. And as I could not apprehend, that any 
creature anſwering to ſo large an image, could 
be ſo near me, immediately my fancy ſuggeſted 
to me that it was at a greater diſtance, and a 
much larger animal, and moving with a greater 
velocity. So true it is, that in the ſuddeneſt 
judgments we make, the idea of a greater di- 
ſtance raiſes in us the idea of an object of great- 
er magnitude, and moving with a greater ve- 
locity 3 the apparent ſwiftneſs of its motion be- 
ing magnified in the ſame proportion with the 
diameter of its bulk. 

313. It has likewiſe happened to me, that 
upon uſing a ſort of fence hung upon my head, 
to ſhade my eyes from the light of the candles 
in reading, a fly has ſettled upon the inſide of 
that fence, within three or four inches of my eyes, 
and by creeping along the edge of it, has ſud- 
denly raiſed in me the appearance of a rat run- 
ning along the floor. Which I account for in 
the ſame manner as in the other phanomenon 3 
the book, on which my eyes were fixt, being 
conſiderably farther diſtant from them, than the 
edge of that fence ; and conſequently the picture 
of the fly upon the retina being larger and leſs 
diſtin, and its apparent velocity greater than it 
would otherwiſe have been. 

314. Children of three or four years of age, 
not having as yet learned how to allow for the 
lefler apparent magnitude of diſtant objects, take 
every hag ſeen at a diſtance to be leſs than it 
really is. If they ſee a man or a woman thirty 
or forty yards off, they take the one for a boy 
and the other for a girl. And though experience 
teaches them in a little time to correct this er- 
ror in objects ſeen upon the level, or from a 
moderate height, yet if they happen to look up- 
on them from any high building, they are apt 
to make the ſame miſtakes as before. 

315. Let a boy, who has never been upon 
any high building, go up to the top of the Mo- 
nument, and look down into the ſtreet; the 
objects ſeen there, as men and horſes, will ap- 
pear ſo ſmall as greatly to ſurprize him. But 
ten or twenty years after, if in the mean time 
he has uſed himſelf now and then to look down 
from that and other great heights, he will no 
longer find the ſame objects to appear ſo ſmall. 
Becauſe now, * frequent experience 
of the leſſening of the apparent magnitude by 
the increaſe of diſtance, he does by a quick and 
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im ible judgment, conceive the objects 
to be of the ſame magnitude as if they were 
leſs remote: which judgment of the mind not 
being diſtinguiſhed from the perception of the 
eye, he thinks he actually ſees them larger than 
before. And if he were to view the ſame ob- 
jects from ſuch heights, as frequently as he ſees 
them upon the ſame level with himſelf in the 
ſtreets, I ſuppoſe, they would appear to him 
juſt of the ſame magnitude from the top of the 
Monument, as they do from a window one ſto- 
ry high. For, in the ſtreet, a man at a hundred 
yards diſtance appears of the ſame height as ano- 
ther at ten, though the image of the former in 
the eye is but a tenth part of the length of the 
other ; the ſmalneſs of the image being com- 
penſated by the knowledge of the greatneſs of 
the diſtance. And this allowance is inſtanta- 
neouſly and imperceptibly made in ſuch objects 
- are conſtantly and perpetually ſeen in any one 
tuation. 


316. But the famous Monſieur Perrault * Ordonn. 
ſeems to be greatly miſtaken, when he applies des 5 Col. 


this principle to 
opinion of all architects and ſculptors ſince the 
time of Phidias ; viz. that ſtatues placed upon 
very high buildings ought to be made of a lar- 
ger ſize, and to be heightened with bolder 
ſtrokes than thoſe which are to be ſeen at a near- 
er diſtance, He ſays the judgment of the eye is 
ſo perfect, and fo accuſtomed to make the 

per allowance for the diſtance of the object, 
that it appears of the ſame magnitude to us, 
whether at a greafer, or a leſſer diſtance. In 
things very familiar to us he is certainly right: 
but ſtatues upon very high buildings are not ſo 
conſtantly and familiarly ſeen as men and hor- 
ſes in the ſtreets ; and therefore we cannot make 
ſo juſt an allowance for the diſtance in one caſe, 
as in the other. I believe very few ſpectators 
are able to make a near eſtimate of the length 
of the dragon upon Bow ſteeple, or of the 
height of the St. Michael at Bruſſels, except 
ſuch as ſaw thoſe figures before they were put 
up. Beſides that all perſons, except architects, 
are apt to take the height of a lofty building to 
be be much leſs than it really is. Therefore I 
ſee no reaſon for that learned gentleman's ri- 
diculing the celebrated ſtory of the Minerva 
wrought by Phidias, which is ſaid to have ap- 
peared exceedingly deformed, when ſeen near 
at hand in his work-houſe, but incomparably 
beautiful when placed at the height it was de- 
ſigned for. Something like this may be ſeen in 
pictures every day; many of which 22 hard 
and courſe near r but perfectly ſoft and na- 
tural when viewed at a proper diſtance. The 
paintings in the cupola of St. Paul's, if they 
were to be ſeen from the diſtance of a few feet, 


6 have a much leſs agreeable effect than 


2 when 


— 


e overthrowing the received 4 Archired 
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82 


when they are viewed from the pavement.” So 
far Dr. Ji rin. 
317. Travelling northwards in the great road 


the view of to Stilton in Huntingtonſhire, when I came with- 


Siihon 
Church, 


in the diſtance of a mile or two from it, I ob- 
ſerved by chance that the inns in the road and 
the church, on the left hand of them, appear- 
ed fo far aſunder, that I remember I 22 
ſervant whether the church before us belonged to 
Stilton or to ſome other town, which he could 
not anſwer. We then judged them to be near a 
mile aſunder. But ſoon after, as I came pretty 


near to the inns, happening again to look at the 


church, I was greatly ſurpriſed to find it fo 


near them. This raiſed my curiofity to know 
the real diſtance between them; and upon pa- 
eing it over, I judged it to be not above 200 


yards, or near an eighth part of a mile. About a 
month after, when I came back through the 
fame village, I found the ſame deception in that 
apparent diſtance as ſtrong upon me as before, 
notwithſtanding that now I knew what it real- 
Iy was. I was therefore the more curious to ob- 
ſerve the ſituation of the village and of the fields 
*. it, in order to find out the cauſe of this 


318. The open field through which the road 
paſſes on the ſouth fide of the town, is almoſt le- 
vel fora mile or two; and from this diſtance there 
appears to be a gentle riſing of the fields on each 
fide of the town for about half a mile or a mile; 
and the town appears in the horizon (nothing 
beyond it being viſible) though ſomewhat low- 
er and remoter than the parts of the horizon 
adjoining to each fide of it. And this I take to 
be the cauſe of the deception. For when any 
object, or interval between two objects, is judged 
to be farther off, than according to our com- 
mon conceptions, we judge it alſo to be lar- 
ger than we ſhould do if we conceived it to be 
nearer. 

319. At the diſtance of half a mile from the 
north fide of the town, the road begins to aſ- 
eend northwards ; and from the bottom of this 
aſcent the faid interval between the inns and 
the church appears alſo very large: the tops of 
the inns and of the ſteeple being ſeen in the ho- 
rizon beyond a long ridge of corn-lands rifin 
gently from the right hand of the road. An 
from this lower ſtation the ſaid interval appears 
much greater than from the top of the aſcent a- 
bove it, though but little farther from the town. 
Becauſe from this higher ſtation, thoſe inter- 
mediate ridges do not intercept the view of the 
little field between them and the town, which field 
from the lower ſtation was imagined too great; 
and alſo becauſe the town does not now appear 


in the horizon; the fields beyond it being plainly 


viſible. 
320. I have fince taken notice of the like de- 
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tions in ſome other places ; as of the inter- 
val between the church and the caſtle at Scar- 
borough, ſeen from ſome parts of the road: be- 
tween it and Hacknes. 


Upon AxT. 162. 


321. Since the printing of this — — of 
the apparent concavity of the ſky, I have had an 
opportunity or two of making an obſervation 
that ſeems to be no ſmall confirmation of it. 
Standing upon the ſea-ſhore under the cliffs, 
that were extended on both hands, pretty ſtrai 

as far as I could ſee, and looking at 
horizon of the ſea, it did not appear to be a 
ſemicircle having my eye for its center;: but 
the diſtance of its parts ſeen on each hand b 
the ſides of the lis, ſeemed to be-the great 
of all; and the diſtances of the intermediate 
parts ſeemed to decreaſe gradually, while I car- 
ried my eye from. the- cliffs towards the middle 
of the horizontal arch. I alſo took notice of a 
certain diſtant ſhi 
biſect one half of the horizontal arch inter- 
cepted between the line of the cliffs on one 
hand, and the perpendicular to it on the other. 
And yet the angle under the line of the cliffs and 
a-line- drawn to the ſhip, ap much ſmaller 
than its complement, contained under the faid 
line drawn to the ſhip. and- the faid perpendi- 
cular to the line of the cliffs: which agrees with 
the like obſervations upon the ſky mentioned 
in the next article; and ſhews that our idea of 
diſtance is inlarged by a variety of objects. 

In the 272d Ficure the line of the cliffs 
is AOD, the perpendicular to it is OC; the 
ſtation of the obſerver is O; the horizon of the 
ſeais ABCD ; the apparent place of the di- 
ſtant ſhip is B, which I judged: to biſe& the 
arch ABC in B pretty nearly, though the an- 
ge N appeared — 2 than the angle 

322. At another time and place I made the 
like obſervation, ſtanding upon the top of ſome 
very high cliffs ; and then the margin of the 
ſea ſeemed to riſe up a little towards the clouds 
in the horizon, like the margin of a tea-ſaucer, 
3-23 wa where it appeared the fainteſt and 


Upon Ax r. 163. 


323. Upon communicating this determina- 
tion of the figure of the ſky with my high- 
ly eſteemed friend Martin Folkes Eſquire, he 
was pleaſed to approve of it; and added 


that he had frequently obſerved the ſky to ap- 
pear of a conchoidal fhape, as repreſented by 
the back line ABCD in hg. 96. ich I find 


alſo is frequently very evident; but it is eaſy to 
underſtand, that neither 'the proportion of the 
apparent diſtances of its vertical and horizontal 

- parts 
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which appeared almoſt to 
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rts, nor the method of determining it, is ſen- 

ly altered thereby. | 

324. He alſo obſerved to me, that the appa- 
rent Lftance of the fun or moon at any given 
place B, might be computed within certain li- 


mits, by conceiving a perpendicular BP to fall 
upon the ground OA, and by taking notice of 
ſome mark near P, where it is imagined to fall ; 
(upon which I find that ſeveral perſons ſtanding 
together at O will agree in their judgments very 
nearly ;) then having meaſured the diſtance 
OP and taken the ſun's altitude or the angle 
BOP, the fide OB of the triangle OBP may 
be found ſeveral ways. The angle BOP may 
be had exactly enough for this purpoſe by erect- 
ing a ſtaff pb and by meaſuring the length of its 
ſhadow pO.” 


.H from the fi f the 
„e ence from the figure o eoncave 


Fig: 97. 


Horizontal 
moons of . 
an exttaot- why the moon appears always larger in the ho- 
dinaty big- 
neſs conſi- 


dered, 


etermined abovea; we have the apparent 

diſtance of the ſun at any other altitude, and alſo 

bs apparent height of the vertical clouds or ſky 
t 


at C. 
326. He alſo informed me, that the parallel 
ſides of a very long and broad walk, avenue, 
road, or the like, do not appear to converge 
like two ſtraight lines tending to a very diſtant 
int; but rather like the legs of two hyper- 
la's abc, def converging towards each fide of 
an aſſymptote op drawn from the eye at o pa- 
rallel to the ſides of the walk, as repreſented in 
the figure. 
327. He has alſo told me, when he rides 
very faſt by the ends of ſeveral long and ſtraight 
ploughed farm and looks ſideways upon them 
that they appear convex towards him, before he 
comes over againſt them; then ſtraight, and af- 
ter that convex again towards his eye moved 
them. I never had an opportunity of ob- 
erving this phznomenon, but this I think is 
2 — that he gave of it. So far Mr. 


Upon AR r. 164, &c: 
328. In theſe articles I haveſhewn in general 
rizon than in the meridian, and have. confirm- 


ed the reaſon of it by an experiment deſcribed 
in Remarks 297, &c. I fay in general, becauſe 


it is agreed, that at different times the horizontal 


moon appears of different magnitudes even in 
the ſame horizon, and now and then of a ſize 
extraordinary large. This, I am inclined to be- 
lieve, is chiefly owing to an extraordinary large- 
neſs of her picture on the retina at thoſe times ; 
which picture in the preſent theory was ſup- 
* invariable. This might beſt be examined 

y taking its diameters with a micrometer; 
or, becauſe this inſtrument is ſeldom at hand, 


by regiſtring the year and day of the month, 


together with the heights of the barometer and 
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thermometer. For if it ſhould appear by many 
ſuch obſervations, that the largeſt horizontal 
moons 2 generally at her perigee in the 
warmeſt ſummer- evenings, the barometer being 
low and the thermometer high; and on the 
contrary, that the ſmalleſt horizontal moons 
happen generally at her apogee in the coldeſt 
winter mornings, the barometer being high and 
the thermometer low; fince theſe cauſes are in- 
dependent on one another, and all conſpire to 
increaſe the moon's picture in the former caſe, 
and to diminiſh it in the latter, we might rea- 
ſonably conclude that thoſe extraordinary moons 
are chiefly owing to the concurrence. of theſe 
three circumſtances, b 

329. In my remarks upon Art. 170, relating 
to aſtronomical refractions, I have ſhewn why 
the horizontal full moon ſeldom appears oval 
like the horizontal. ſun, (notwithſtanding the 
ſame refractions of their rays) but generally of 
a roundiſh figure, to which the refracted oval 
is reduced by a defect of illumination at one 
end of it, for a day or two before or after the 
full, eſpecially in x evenings of the autumnal 
months. Conſequently in comparing. together 
the. areas of theſe roundiſh diſks of different full 
moons, we may ſuppoſe them equal to circles. 
whoſe diameters are equal to the vertical dia- 
meters of the diſks : becauſe theſe laſt diameters 
are ſubje to ſmaller and more regular changes 
than any ether, and about the full are as often 
bigger as they are leſs than the horizontal, (qr 
rather the ecliptical diameter,) according as the 
horizontal moon hap at different diftances 
from the exact full moon, Now ſince theſe ap- 
rm vertical diameters, and. the pictures of 

em, are varied both by the moon's diſtance - 
2 the earth and by her ex e 

epending upon the air's denſity, that is upon 
its gy and warmth together; I find by a 
courle computation of their greateſt variations 
in our climate, that the ſaid apparent diameters 
of the greateſt and leaſt full moons are nearly 
in the ratio of 36 to 25, or almoſt as 3 to 2. 

330. But it muſt be conſidered that we dont 
compare in our minds an extraordinary * 
moon with an extraordinary ſmall one, (the 
latter being ſeldom ſeen, and even then but lit- 
tle regarded, as being not different, from every 
common moon ſomewhat elevated,) but with an 
eſtabliſhed” idea acquired from the moſt frequent 
horizontal moons 3 whoſe mean diameter malt 
therefore be aſſumed about a geometrical mean 
between the ſaid diameters of the greateſt and 
leaſt moons, rather than an arithmetical mean; 
becauſe we ſee more moons in cold weather 
than in hot, and therefore more of the ſmaller 
than of the larger ſize, by reaſon of a longer con- 
tinuance of greater refractions which contract 


thoſe diameters. Therefore the diameter of the 
largeſt 


— 


54 REMARKS UPON ART; 164. &c. 


largeſt moon, is to that of the commoneſt middle 
ſized moon, in a ſubduplicate ratio of 36 to 25 
abovementioned, that is (fince 36, 30 and 25 
are continual proportionals) in the ratio of 6 
to 53 which is nearly the ratio of the diameters 
of a ſhilling and a ſixpence or of a crown and a 
half-crown ; by which we maybetter Judge, how 
near this hypotheſis will anſwer our idea of thoſe 
extraordinary large moons. And this hypotheſis 
I find is ſomewhat farther confirmed by the on- 
ly obſervation of the kind that I ever took down 
in writing; viz. of an extraordinary large moon 
of the common colour like that of bright cop- 
per, which I ſaw on the 27th of July 1732, 
riſing about 8 G clock in the evening over the 
town of Cambridge from the diſtance of half a 
mile, che wind being weſt and the barometer 
Aomewhat above changeable. Now by the alma- 
nack it appears that the moon was near her 
-perigee at that time, and the wind being weſt, 
1n that month, is a ſufficient argument for the 
-warmth of the air and ſmalneſs of its refractive 
power. For I did not take notice of the thermo- 
meter, not thinking ofthis hypotheſis at that time. 
Here then we have two of the three cauſes con- 
ſpiring with the theory, and the third (viz. 
barometer) nearly at a medium; but this I 
reckon has rather a leſs effect upon the moon's 
apparent magnitude than either of the other 
two. f 


The moon's 33 1. Since the picture of the horizontal moon 
apparent is conſtantly more or leſs contracted by refrac- 
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low, from the preſent theory, that the horizontal 
moon ſhould alſo appear larger from above than 
from below which I believe is not at all agreea- 
ble to experience and I think it ought not to be. 
For it muſt be conſidered that any preſent proſ- 
* of the moon and horizon together cannot 
o much ſuggeſt a new idea of a certain deter- 
minate magnitude of her diſłk (the power of eſti- 
mation by the eye being too weak and inaccu- 
rate for this purpoſe) as it revives an old eſta- 
bliſhed idea of it; reſulting from a long expe- 
rience of innumerable proſpects of various moons 
and horizons ſeen from various fituations, Our 
idea of the magnitude of the horizontal moon 
is therefore about a medium taken from all our 
obſervations, and is ſo rooted in our minds by re- 
ted views as not to be altered but only con- 
rmed by any ſingle one. The ſame may be ſaid 
of our idea of the magnitude of the meridional 
moon; and of the moon at intermediate degrees 
of altitude. Which ideas, though gained origi- 
nally from our ideas of the moon's diſtances in 
the ſky, may yet become connected with and 
ſuggeſted by our ideas of her correſponding alti- 
tudes, For which reaſon the former ideas may 
continue much the ſame though the preſent view 


.of the horizon be quite intercepted, by the inter- 


poſition of any near objects, and even that of 
the ambient ſky too, by the fides of an empty 
tube, when the moon 1s ſeen through it. For by 
memory we retain very diſtin& ideas of the 
moon's magnitudes for a longer time. Neverthe- 


. 1 ;ence, if 
joe: +2 cad tions, and that of the meridional moon at her —＋ 8 rarely _ N he pic- 
heights are teſt height with us, of 60 or 65 degrees, ture of the horizontal moon 1s conſiderably al- 


in a leſi ta- ſcarce ſenſibly, it follows, that in theſe two 
tio than Poſitions, the diameters of her diſks conſidered 
hat of her as portions of the concave ſky, muſt be in a leſ- 
apparent ſer ratio than that of their apparent diſtances in 
«Ciſtancer. the ſky. Becauſe in the preſent theory in Art. 

164, the moon's picture was ſuppoſed invaria- 


tered by any means whatever a; this powerful a Rem. 
cauſe will immediately alter our eſtabliſhed idea 328. 


of her uſual magnitude, as any one will find by 
viewing the moon through any ſpectacle-glaſs, 
moved a little from his eye. 
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a uring jo of 333. That the moſt ancient aſtronomical ob- Various fo 
J A Ae iy ce able ay e; 6 4 ſervations upon the poſitions and diſtances of ſtars lucions of 
3s about 1 to 3 or to 93 and this would be the fa. were not made with inſtruments but barely by tbe bot 
tio of the diameters of her circular diſks in the Eſtimation, or judgment of the eye, is ſufficient- 2 1 
«concave but for refractions ; by which alone I ; 


ly evident not only from the nature of things, {1.1 
reckon the horizontal diſk is generally contract- 


ed in the ratio of two circles whoſe diameters 
are nearly as 9 to 8. Thereforethe higheſt me- 
ridional dilk is generally to the horizontal one 
but as 3 to 8 in diameter, Theſe diſks are re- 


but from hiſtory too. And fince the firſt aſtro- 
nomers were not aware that the intervals of ſtars 
ſeem much greater near the horizon than in the 
meridian, no doubt their aſtronomy was much 
embarraſſed by ſo great a fallacy in their eſti- 


ſented by th circles 3 and 8 below Fic. 1 mates. How long it was diſcovered before Pro- 
Fr wp ors 30 judge of thei nicks omny's Und I have "met * cHguIES 37 But" Wits he 
tion. In this compariſon eſect of illumina- Was aware of it, is very plain by the caution he 
tion from the l. 2 not conſidered, ſeeing it Bives to allow ſomething for it, upon every re- b Almaeft 
affects the meridional moon as much as the ho- Sourſe to thoſe ancient obſervations, But when- ) * 4p 
zizontal, taking one time with another ever it was that the fallacy was diſcovered, this lb. 2 
; ö is certain that the cauſe of it has ever ſince been 
332. Since the horizon, ſeen from the top of dubious and diſputed ; and therefore I have been 
uafweced. 1 mountain or any elevated place, appears re- the fuller upon it, to place it, if poſſible, be- 
moter than it does from below, it ſeems to fol- yond diſpute, The variety of authors and opi- 
X NnN1ONs 


cAAP. 5. 
nlons upon it, is ſo very great, that to avoid all 
needleſs prolixity, I chuſe to refer the curious 
t Tom. 2» to Ricciolus's Almageſt ®, where many of them 
lib. 10. ſet» are mentioned and referred to ; alſo to a 
6. Queſt. curious diſſertation upon them written by the 
13+ Page —— Mr. Will. Molyneux f, with an intent, 
645. as he tells us, not ſo much to eſtabliſh any thing 
+ Phil. of his own that may be ſatisfactory in ſolving this 
Tranſ. Ne. admirable appearance, as to detect the errors of 
187. thoſe that have offered at a ſolution thereof, and 
yet have come ſhort of being ſatisfactory: that 
thereby he might again ſet the minds of Philoſo- 
phers to work, and rouſe them up to enquire 
a- new after this ſurpriſing phznomenon.” Since 
the publication of theſe diſcourſes, I do not 
remember to have met with any farther advances 
of a different kind, except in the ingenious Jo) 
a Rem. abovementioned , towvards a new Theory of Vi- 
277. fon; in which there is the following ſolution, 
Se. LXV111. 
why the 334. In order to explain the reaſon of the 
moon moon's appearing greater than ordinary in the 
ſeems great- horizon, it muſt be obſerved that the particles 
eriu the which compoſe our atmoſphere, intercept the 
_ he Nys of light proceeding from any object to the 
( l eye ; and by how much the greater is the por- 
; tion of the atmoſphere interjacent between the 
object and the eye, by ſo much the more are 
the rays N and by conſequence the 
appearance of the object rendered more faint: 
every object a ing more vigorous or more 
faint in proportion as it ſendeth more or fewer 
rays into the eye. Now between the eye and 
the moon, when ſituated in the horizon, there 
Hes a far greater quantity of atmoſphere, than 
ere does when the moon is in the meridian. 
Whence it comes to paſs that the ap ce of 
the horizontal moon is fainter ; and therefore 
by ſect Lv1. it ſhould be thought bigger in that 
fituation than in the meridiin, or in any other 
elevation above the horizon. 
By what 335. In the Lvith ſection here referred to b 
means tan the author, he tells us by what means the tangi- 
diene ans: dle magnitude of objects is perceived by fight. 
perceives © Firſt by the magnitude or extenſion of the vi. 
by 6ghr, fible object, which being immediately perceived 
by ſight is connected with the other which is 
tangible and placed at a diſtance. Secondly, by 
the confuſion or diſtinfineſs, And thirdly, b 
the vigorouſneſs or faintneſs of the aforeſaid vi- 
fible appearance. Ceteris paribus by how much 
the greater or leſſer the viſible object is, by fo 
much the greater or leſſer do I conclude the 
tangible object to be. But be the idea perceived 
by ſight never ſo large, yet if it be withal con 
fuſed, I Judge the magnitude of the thing to be 
but ſmall; If it be diſtinct and clear I judge it 
The fore. Breater 3 and if it be faint I apprehend it to be 
going ſolu- Yet greater.” 


tion ex- 6. After this the Author to 
| u ex | 33 | proceeds CON» 


REMARKS UPON ART. 164. &c. 58 


firm his ſolution of this phamomenon, by an 
examination and excluſion of ſome other cau- 

ſes and opinions . But to avoid. the entering 1bid. ſect. 
into a particular conſideration of his arguments, 70. &c. 

I chuſe to ſhew from experience only, that theſe item ſect. - 
various degrees of the moon's faintneſs, make . 
no ſenſible variations of her apparent magnitude: 

which I think will be evident by the following 
obſervations. 

337. Firſt, that the moon appears much faint- 1s found 
er in the day time than in the night, and there- contrary to- 
fore —_ our author's principle, ſhould experience, 
appear larger by day than by night at the fame 
height : which I could never perceive, though I. 
have often viewed the moon for this purpoſe. 

338. Secondly I obſerve that the horizontal 
moon, being much fainter than the horizontal. 
ſun, viewed by the naked eye, ſhould in con- 
ſequence of that principle (though the fact is 
otherwiſe) appear much larger the hori- 
zontal ſun : becauſe theſe two bodies differ in 
no other apparent circumſtance than this of 
faintneſs or brightneſs. For the angles at the eye 
ſubtended by their diameters, are generally as 
nearly equal to each other as the naked eye can 
diſtinguiſh ; as is evident by aſtronomical ta- 
bles of theſe angles and alſo by total eclipſes oſ 
the ſun : which the intermediate moon ſome- 
times juſt covers entirely, and ſometimes leaves 
a very ſmall lucid ring of light uncovered ; ac- 
cording to the different proportions of the di- 
ſtances of the ſun aud moon from the eye. A- 
gain the horizontal ſun, notwithſtanding a very 
great obſtruction of his rays by the atmoſphere, . 
is ſtill leſs faint than the meridional moon 3- 

(the eye being generally offended by the bright- 

neſs of the former, but not at all by that of the. 
latter) and therefore the horizontal ſun ſhould. 
appear ſmaller than the meridional moon, if 
the author's principle were true. But theſe con- 

ſequences from it are manifeſtly contrary to ex- 

perience. 

339- Thirdly, I obſerve, that the moon, 
when totally eclipſed, appears much fainter than 
ſhe does at the ſame elevation when not eclipſed; - 
but does not appear larger than uſual, as I am 
fully ſatisfied by the total eclipſe of the moon 
on Nov. 20. 1732. For though I did not think 
of this compariſon when I ſaw this eclipſe, yet 
I was put in mind of it the very next morning 
(which was full as well) upon ſeeing the moon 


but a few degrees high juſt before her ſetting. 


She then appeared to me much larger than ſhe 


did 8 or 9 hours before, when eclipſed very 
high and near the meridian ; at which time ſhe 
appeared of a much fainter and heavier colour, 
and more inclined to a dull red, than at the 
time of her ſetting. Beſides, upon aſking ſeve- 
ral perſons that had ſeen her eclipſed over night, 
whether they took notice of any other unuſual 
CLICUIN® » 
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circumſtance of her: appearance, beſides that of 
her duſky colour, hes told me, that they did 
not perceive any. Then I aſked them directly as 
to her apparent magnitude; to which they re- 
plyed, that it ſeemed to them as uſual, that 
15, not near ſo large as that of the horizontal 
moon, But had this greater faintneſs of the me- 
ridional moon eclipſed, than that of the hori- 
zonta] moon — pſed, produced an idea of 
magnitude proportionable to it, or even no 
133 than that of the uſual horizontal moon: 
remarkable an appearance could hardly have 
paſſed unobſerved in this and in many other to- 
tal eclipſes that have happened at very great al- 
titudes above the horizon: and yet I have ne- 
ver met with any memorandum of it in any ob- 
ſervations of eclipſes; though the duſky colour 
of the moon be frequently mentioned and de- 
ſcribed. Now the ordinary degrees of the moon's 
faintneſs are cauſed- by the obſtruction of the at- 
moſphere to various quantities of refracted light 
after its reflection from the moon, as explained 
a Rem. by out author a; and the degrees of this extra- 
334. ordinary faintneſs of the moon eclipſed, are 
cauſed partly by the abſence of the ſun's direct 
rays intercepted by the carth, and partly by the 
like obſtruction of the atmoſphere to other re- 
Tracted rays both before and after their incidence 
npon the moon, as explained in the remarks on 
Art. 170 ; and therefore the unuſual faintneſs dif- 
fers ſrom the uſual one, in no other ſenſible cir- 
cumſtance but in degree only ; and yet as we 
have ſeen, it occaſions no difference in the de- 
grees of apparent magnitude. This faintneſs 
therefore is not liable to thoſe objections raiſed 
by our author againſt the like degrees of faint- 
neſs of the ſun and moon, produced by the in- 
terpoſition of ſmoked or coloured 2 glaſ- 
3 Which are well known to cauſe no ſenſi- 

ble alterations of apparent magnitude. 

340. Laſtly, I Vw that this hypotheſis of 
faintneſs can ſcarce be thought ſufficient by any 
means, to account for the like variety of the 
apparent magnitudes of the conſtellations ; that 


72. 


is, of the intervals of the ſame fixt ſtars at va- 


rious altitudes ; which yet is allowed to be a 
Phænomenon of the ſame kind and degree as 
that of the ſun and moon, and conſequently to 
This ph depend upon the ſame cauſe. | 
ee 341- To conclude, „ if this phznomenon of 
of the dhe horizontal moon be a clear inſtance of the 
moon not Inſufficiency of lines and angles, for explaining 
incapable of the way wherein the mind perceives and eſti- 
compura» mates the magnitude of outward objects, as the 
Lion, author is pleaſed to aſſert e, I would leave it to 
— {eQ. be conſidered, whether the ſaid phænomenon 
be not as clear an inſtance of the inſufficiency 
of faintneſs for the ſame purpoſe; the degrees 
of which may yet be defined and computed by 
lines and angles, to the ſame degrees of exact- 


ly 


BOOK . 


neſs in all caſes, as the eye can diſtinguiſh them 


in the moſt fimple and advantageous ones : 
which exactneſs would be quite ſufficient either 
for — or overthrowing any general 
arguments and concluſions drawn from faint- 
neſs; as might eaſily be ſhewn in the preſent 
rr if ſo much exactneſs were requi- 

te, and if (for a foundation of a calculus) any 
certain obſervation or experiment could be pro- 
duced to ſhew, that ceteris — any two gi- 
ven degrees of faintneſs did really and plainly 
ſuggeſt any two diſtinguiſhable and given de- 
grees of apparent magnitude. 

342. But no more of this, becauſe the au- 
thor is pleaſed to allow ſome uſe of mathema- 
tical computation in opticks. Though this in 
general may, he thinks be obſerved concerni 
it; namely * that it can newer be very preciſe 
and exact, ſince the judgments we make of the 
magnitude of external things, do often depend 
on ſeveral circumſtances, which are not pro- 

ortionable to, or capable of being defined by 
ſerve, that had he 
how many various kinds of quantities, (colours 
not excepted) which not long ago were judged 
incapable of any meaſures, have nevertheleſs 
been accurately reduced to the rules of mathe- 
matical computation, he might have had leſs 
reaſon to deſpair of the like reductions of quan- 
tities of many other kinds. But I ought to aſk 
2 for this digreſſion, were it not incum- 

t upon philoſophers to remove all difficulties 
and diſcouragements, that may lye againſt the 
purſuit of the moſt approved and ſucceſsful, if 
not the only method of acquiring juſt and true 
apprehenſions of the nature of things: which 
are all made in number, weight and-meaſure. 

343+ In the ſecond edition of this Eſſay and 
= a 2 and explanation of je 
ed the Vi e) very latcly publi 
the author has _— — dons to his ſolu- 
tion of the ſaid phænomenon; but ſeeing it ſtill 
involves, and depends upon, the principle of 
faintneſs, I may leave the reſt of it to the reader's 
conſideration. 
Upon AR r. 167. 


344 Since the printin of this article I have Oval figore 
had many opportunities, for ſome years together, of halo? 
of obſerving the ſhapes of halo's about the moon, confirme& 


which appeared to me always oval, more or 
leſs according as the moon was lower or higher, 
without any exception, I have never ſeen a halo 
about the ſun ſince I had this notion of them; 
but the Rev. Dr. Walker, Fellow of our Col- 
lege, tells me that he had taken notice of theſe 
ovals for many years; and remembers one or 
two that he ſaw about the ſun when elevated 
very high in ſummer time ; and conſequently 


* 


nes and angles d. Upon this I would only ob- d ibid. ca 
n pleaſed to recollect, 78. Edic., 


RAP. g. 
when. the oval figure was leſs diſcernible, ac- 
cording to this theory, than if the ſun had been 


lower. 


the . Among all the phznomena which ſerve 
=_ ne di- to „ that very high and remote objects 
vergence in the heavens do not a to us in their real 
and con- ſhapes, places and poſitions, but according to 
vergence of thelr perſpective projections upon the apparent 
the ſun's concavity of the ſky, as above explained ; there 
Lie. 38, is none more appoſite and convincing than 
* that beautiful appearance of thoſe broad diverg- 
ing beams from the ſun's apparent place 2 
the clouds, which happen in a warm ſummer's 
evening to lye quietly and diſtinctly interſperſed 
about that region of the ſky. This 1 
of this common phænomenon was firſt ſuggeſt- 
ed to me by an ddd appearance, ſomewhat like 
it, which 4 once ſaw upon Linco/a-Heath, and 
will here deſcribe and account for. 1 

346. It was an apparent convergence of long, 
wo whitilh beams an a point diametrically 1 
yergence. polite to the ſun. For, as near as I could eſti- 
Fig. 99, mate, it was ſituated as much below the hori- 
zon as the ſun was then elevated above the op- 
ſite part of it. This part is here repreſented 
the line De, and the point below it in 
oppoſition to the ſun is E ; towards which all 

the beams Ihe vt, 2 appeared 9 
. Obſerving that the point of convergence 
ho we EOS to the ſun, I 2 to ſuſpect that 
nearly pa- this unuſual phznomenon was but a caſe of the 
zallel, uſual apparent divergence of the beams of the 
ſun from his apparent place among the clouds, 
as repreſented in fig. 98. I fay an apparent di- 
vergence ; for though nothing is more common 
than for rays to diverge from a luminous body, 
yet the divergence of theſe beams in ſuch large 
angles is not real but apparent. Becauſe it is 
impoſſible for the direct rays of the ſun to croſs 
one another at any point of the apparent con- 
cavity of the ſky, in a greater angle than about 
half a degree. For the diameter of the earth 
being ſo extreamly ſmall, in compariſon to the 
diſtance of the ſun, as to ſubtend an angle at 
any point of his body of but 20 or 22 ſeconds 
6 Art, 875, at moſt® ; and the diameter of our viſible hori- 
zon being extreamly ſmaller than that of the 
earth ; it is plain that all the rays which fall 
upon the horizon, from given point of 
the ſun, muſt be inclined to each other in the 
ſmalleſt angles imaginable ; the greateſt of them 
being as much ſmaller than that angle of 22 
ſeconds, as the diameter of the viſible horizon 
Fig. 96, is ſmaller than that of the earth. All the rays 
that come to us from any given point of the 
ſun may therefore be conſidered® as parallel to 
each other; as the rays eg from the point e, or 
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the rays of theſe two pencils that come from 
oppoſite points of the ſun's real diameter and 
croſs each other in the ſun's apparent place B 
among the clouds, can conſtitute no greater an 
angle with each other than about half a degree 
this angle of their interſection e BF being the 
fame as the ſun would appear under to an eye 
placed among the clouds at B, or (which is much 
the ſame) to an eye at O upon the ground. 'Be- 
cauſe the fun's real diſtance OS is inconceivably 
ar than his apparent diſtance OB. There- 

re the rays of the ſun as Bg, Bh do really 
diverge from his a t place B in no greater 
angles g B hb than about half a degree. Neverthe- fig. 9K. 
leſs they appear ta diverge from the place B 
in all off angles and even in oppoſite di- 
rections. Let us proceed then to an explanation 
of this apparent divergence, which is not ſelf- 
evident by any means; though at firſt ſight we 
are apt to think it is, by not diſtinguiſhing the 
vaſt difference between the true and apparent 
diſtances of the ſun. 


348. What I am going to demonſtrate is Their aper 


this, Suppoſing all the rays of the ſun to fall ac- tent diver» 
curately parallel to each other upon the viſible Sn 
horizon, as they do very nearly, yet in both Fig, 1 >& 
caſes they muſt appear to diverge in all poſſi- | 
ble angles. Let us imagine the heavens to be 

partly overcaſt with a ſpacious bed of broken 

clouds, v, v, v, &c. lying parallel to the plano 

of the viſible horizon, here repreſented by the 

line AOD. And when the ſun's rays fall upon 

theſe clouds in the parallel lines 3, sv, &c. 

let ſome of them paſs through their intervals in 

the lines vt, vt, &c. and upon the plano 

-of the horizon at the places t, t, &c. And ſince 

the reſt of the incident rays , v, are ſuppo- Far 
fed to be intercepted from the place of the ſpec- 

tator at O by the cloud x, and from the inter- 

vals between the tranſmitted rays vt, vt, &c. 

by the clouds v, v, &c. ; a ſmall of theſe 

latter rays wt, vt, when reflected every way 

from ſome cettain kind of thin vapours floatin 


in the air, may undoubtedly be ſufficient to af- 


fect the eye with an appearance of lights and 
ſhades, in the form of bright beams in the pla- 
ces vt, vt, &c. and of dark ones in the inter- 
vals between them : juſt as the like beams of 
light and ſhade appear in a room by refleftions _ 
of the ſun's rays from a ſmoky or duſty air 
within it: the lights and ſhades being here oc- 
caſioned by the tranſmiſſion of the rays through 
ſome parts of the window, and by their inter- 
ruption at other parts. 

349: Now if the apparent concavity of this 
bed of clouds v, v, to the eye at O, be repre- 
ſented by the arch ABCD, and be cut in the 

point B by the line O Bx drawn parallel to the 
ty; it will be evident by the rules of 


FB from the oppoſite point f; and OA perſpective, that theſe long beams will m_— 


3 1 


Derr 


— 
— — 


* Art, r56., 38, where 
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in their real places, but upon the concave 
43 CD diverging every way from the place 
ſun himſelf appears, or the 


and 170. cloud x that covers his body, as repreſented ſe- 
pag. 69- parately in full view in fig. 98. 

Their appa- 4350. And for the ſame reaſon, if the line 
ret con- BO be produced towards E, below the plane 
e of the horizon 40 D, and the eye be directed 
Fig, p: oy * towards the region of the ſky directly above E, 


Why con- 


verging 
beams are 


lels com- 


mon than 


diverging 
ones, 


the lower ends of the ſame real beams vt, ut, 
will now appear upon the part D of this con- 
cave; and will ſeem to converge towards the 
point E, ſituated juſt as much below the hori- 
zon as the oppoſite point B is above it: 
on is ſeparately repreſented in full view in 
g. 99. 
— For if the beams vt, vt be ſuppoſed to 
be viſible throughout their whole lengths, and 
the eye be directed in a plane perpendicular to 
them, here repreſented by the line OF; they and 
their intervals will appear broadeſt in and about 
this plane, becauſe theſe parts of them are the 
neareſt — the . ya therefore a remoter 
and intervals will ap radually nar- 
ar. towards the oppoſite _—— line BE. 
As a farther illuſtration of this matter, we may 
conceive the ſpectator at O to be ſituated upon 
the top of ſo large a deſcent OH towards a 
remote valley IK, and the ſun to be fo very 
low, that the point E, oppoſite to him, may 
be ſeen above the horizon of this ſhady valley. 
In this caſe it is manifeſt that the ſpectator at 
O would now ſee theſe beams converging ſo far 
2 each other at the point E in the ſky 
it ſelf. 

352. I do not remember to have ever ſeen 
any phznomenon of this kind by moon-light ; 
not b much as of beams diverging from her a 
parent place. Probably her light is too — 
aſter reſſections from any kind of * wr to cauſe 
a ſenſible a of lights and ſhades ſo as to 

form TW 5g ane in the unuſual phæno- 
menon I well remember, that the converging 
ſun-beams towards the point below the horizon, 
were not quite ſo bright and ſtrong as thoſe u- 
ſually are that diverge from him; and that the 
ſky beyond them appeared very black, (ſeveral 
ſhowers having paſſed that way) which cer- 
tainly. contributed to the evidence of this ap- 
| pearance. Hence it is probable that the thinneſs 
and weakneſs of the reflected rays from the va- 
pours oppoſite to the ſun, is the chief cauſe that 
this appearance is ſo very uncommon in com- 
pariſon to that other of diverging beams. For 
as the region of the ſky round about the ſun, 
is always brighter than the oppoſite one ; ſo the 
light of the diverging beams ought alſo to be 
brighter than that of the converging ones. For, 
though rays are reflected from rough unpoliſh- 
ed bodies in all poſſible directions, yet it is a 
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general obſervation that more of them are reflect. 
ed forwards obliquely, than are reflected more di- 
rectly backwards. ſides, in the preſent caſe, 
the incident rays upon the oppoſite region to 
the ſun, are more diminiſhed continual re- 
flections from a longer tract of the atmoſphere, 
_ the incident rays upon the region next the 
The common phenomenon of diverging 
0d I think, is 2 — in ſummer than 
in winter, and alſo when the ſun is lower than 
when higher up ; probably becauſe the lower 
vapours are denſer and therefore more ſtrongly 
ective than the higher; and becauſe the low- 
er ſky-light is not ſo bright as the upper, and 
becauſe the air is generally quieter in the morn- 
ings and evenings than about noon-day 3 and 
laſtly becauſe many ſorts of vapours are exhaled, 
in greater plenty in ſummer than in winter, from 
many kinds of volatile vegetables ; which va- 
pours when the air is cooled and condenſed in 
the mornings and evenings, may become denſe 
enough to reflect a ſenſible light. 


354. I will conchude my remarks upon theſe 
optical appearances in the heavens with a popu- 
lar explanation of the refractions of rays through 
the atmoſphere, and of the principal phænomena 
thence reſulting. 

355: Albaxen the Arabian, who is reckoned 
to have lived about A. D. 1100, ſeems to have 
been more inquiſitive into the nature of refrac- 
tions than the more ancient writers; inſomuch 
that having made experiments upon them at 
the common ſurface betwixt air and water, air 
and glaſs, water and glaſs or cryſtal, and being, 

repoſſeſſed with the ancient opinion of cry- 
ſta ine orbs in the regions above the atmo- 
ſphere, he had the boldneſs to ſuſpect a refrac- 
tion there alſo. Which he tells us may be pro- 
ved by taking the diſtance of a ſtar from the pole 
of the equator (with an Armillary ſphere,). both 
when it is very low and when very high near 
the zenith ; and affirms that the former polar di- 
ſtance will be found leſs than the latter by 
reaſon of the refraction of the rays. And this, 
Fryar Bacon tells us b, was taken from Ptolemy's 
5th Book of Aſpects; where he attributes it to 
a refraction of the rays at the common ſurface 
betwixt the air and ether. If this be ſo, his 
Book of Aſpects (which I never could meet 
with) muſt have been written after his Alma- 
geſt. For here he tells us c, that Hipparchus, in 
order to determine the times of the equinoxes, 
by obſerving at what day and hour the ſun's 
rays coincided exactly with the plane of his e- 
quatoreal Armilla, (or braſs circle fixt in the 
plane of the equator,) was aſtoniſhed to find 
that it happened twice in the ſame vg (= an 
interval of 5 or 6 hours, the ſun being 
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one time and low at the other. He alſo tells us, 
that he himſelf had obſerved the ſame thing; 
and he attributes it to the inaccuracy or un- 
Keadineſs of the Armilla: fo that he had then 
no ſuſpicion chat this effect was cauſed by a 
refraction of the ſun's rays. 

356. But however this may be, it ia certain 
that Alhazen to deduce ſeveral proper- 
ties of this kind of refraQtion ; as that it in- 
creaſes the altitudes of all objects in the hea- 
vens; that it contracts their diameters and di- 
ſtances from each other; and that it cauſes the 
twinkling of ſtars. But ſtill we do not find that 
he or his follower Vitello, knew any thing of its 

uſt quantity 3 which being but ſmall could not 
de determined but by very accurate inſtruments 3 
the want of which may be the reaſon. that we 
hear little more of it till about the year 15003 
at which time it was revived and cultivated by 
Bernard M alrber, Mefilin and others, but chiet- 
the noble Tycho Brahe ; who perceiving 
portance of it to the perſection of Aſtro- 
nomy, could not reſt till after incredible dili- 
gence in contriving inſtruments and obſerving 
with them, he had ſettled the quantity of theſe 
refractions at all altitudes to a tolerable degree of 
exactneſs. 
57. But ſtill he could not diſcover whe 

and in what manner the rays were refracted, 
nor even Kepler, who wrote ſo much upon 
this ſubject a. Hebe thought the refraction was 
chiefly cauſed by denſe vapours very near the 
earth's ſurface z and Kepler places it wholly at 
the top of the atmoſphere, which he took to 
be uniformly denſe; and thence he determines 
its altitude, from the obſerved quantity of re- 
fraction, to be but little more than that of the 
higheſt mountains. But the true conſtitution of 


che denſity of the atmoſphere, deduced afterwards 


Refrattion - 


of a ray 
through the 
armoſphere 
explained, 
Fig. 101, 


from the Torrice/lian experiment, afforded a 
juſter idea of theſe refractions, eſpecially after it 
appeared by a repetition of Mr. Loqwthorp's ex- 
periment that the airs refractive power is pro- 
portionable to its denſity. 

358. In order to give an idea of the courſe 
of a ray refracted through the atmoſphere, let 
the plane of this figure be conceived to paſs 
through it, and through V the earth's center 
about which let innumerable circles Oo, Pp, 
2 g, &c. be drawn at any ſmall intervals from 
one another, continued from the bottom to the 
top of the atmoſphere. Now though it be evi- 
dent from the conſideration of the air's gravity 
and elaſticity, that its denſity decreaſes continu- 
ally in aſcending upwards, (the ſpring of every 
higher particle being leſs preſſed upon by the 
weight of a ſhorter column of air incumbent 
upon it) yet at firſt we may conceive it to be 
interrupted in a manner; or, that between the 
two loweſt circles Oe, Pp, the air is every 
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709. Now let O be the 


39 


where equally denſe, but ſomewhat denſer than 
the air next above it ; and that this air, between 
the circles Pp, 24 is alſo uniformly denſe, 
but ſomewhat denſer than the air next above it; 
and ſo on to the top of the atmoſphere : whoſe 
expanſion will be limited, where its denſity is 
ſo much diminiſhed, and conſequently its ſpring 
ſo much weakened, as to be juſt balanced by 
the weight of a furface of ſingle particles. 

eye of a ſpectator, 
a line drawn up to his zenith, OP2 RS 
the courſe of a ray, which came from any ftar 
&, and which we may conſider as going back- 
wards from the eye to the ſtar, becauſe it will 


deſcribe the very ſame courſe over again. Then b Arr. 11; 


the ray OP in emerging at P out of a denſer 
air into a rarer, will be refracted from the per- 


pendicular V produced “; and in emerging a- * Art, 1% 


gain at 2 out of this laſt air into another {till 

rarer, it will again be refrafted from the next 

3258 2 produced ; and fo on, till at 

laſt it emerges from the top of the atmoſphere 

into empty ſpace. 

; IG Let the laſt emergent ray RS be produ- 
backwards, till it meets vertical line 


All ſtats ap- 
pear elevat- 


YOZ in and the viſual ray OP, produced, in ed by te- 
J and it is manifeſt, from what has been ſaid, fractions. 


that the ſtar's apparent diſtance from the zenith, 


meaſured by the angle XOZ , is leſs than its Att. tot. 


true diſtance, meaſured by the angle XYZ ; 
and therefore that O, the difference of theſe 
two angles e, is the total effect of all the re- 
fractions; whereby the ſtar appears ſo much 
higher than it would have done without them. 
Becauſe what has been proved of theſe diſconti- 
nued refractions at P, Q, R, through this ficti- 
dious atmoſphere, will hold good in the true 
atmoſphere, by conceiving the intervals of the 
circles Oo, Pp, 2q to be diminiſhed and their 
number to be increafed indefinitely, till the ray 
becomes continually refracted at every point; 
and thereby changes its courſe from a polygon 
to a continued curve, to which the lines SX, 
OX will then become tangents at the top and 
bottom of the atmoſphere. 

361. I have here ſuppoſed the ſtar's true di- 
ſtance from the zenith to be meaſured by the 
angle SYZ, becauſe a ſtraight line ON drawn 
from the eye to the ſtar, would make an inſen- 
ſible angle with the ray SRV, the diſtance of 
the ſtar being exceeding great, and the curvity 
of the ray but very (mall, eſpecially near the 
top of the atmoſphere. If its curvity were cir- 
cular, I reckon that the greateſt diſtance OY, 
between the lines ON, FS, even then would 
ſcarce be three miles. 


c Euck, l. 


31. 


362 The total refraction of an horizontal The corsf 


oy 


is the greateſt of all, and while the ſtar cefration 


aſcends, the refraction is continually diminiſhcd, of a ray de- 


till it vaniſhes at the zenith, For ſuppoſing an creaſes in 
H 2 | 4 aſcend / aſcend 


it 


* Art. 14. 
& e. 


92 
60 q ” . 

aſcending ftar to be ſeen ſucceſſively in the di- 
rections OP, Op, and the rays to return back 
in the ſame lines OP ARC, Oper. in which 


.they came to the eye; then fince the ray Op is 


leſs inclined than OP to the refracting circle 
pP, the refraction at p will be leſs than at P“; 
and therefore the next ray pg will alſo be leſs 
inclined than PZ to the next refracting circle 
2 aud conſequently the next refraction at 
will be leſs than at 2; and fo the fum of 


the refractions at þ, g, r, &c. will be leſs than 


the like ſum of all thoſe at P, Z, R, &c. ; that 
is, the angle OA will be continually diminiſh- 
ed till it becomes nothing at the zenith. On 


the other hand, when the ray OP becomes ho- 


The refrac- 
tions of 


rizantal, it will be the moſt refracted, as paſ- 
fing moſt obliquely through all the refrafting 


es. 
363. The eye being the center of any ſphe- 
rical ſurface, to which the relative places of 


it is cut by a tangent to the viſual ray at its 


"REMARKS UPON ART. 1% 


the lower, ſo much their a 


two refractions. 


"BOOK K 
For if the refractions of the ſtars were equal, 
their apparent interval would continue equal to- 


their true interval. Therefore as much as the 
higher ſtar is leſs elevated by refraction than 


t interval falls 
e difference of the 


6c. If the two ſtars lye on te ſides of 
FS. 2saith and in the . . their 
apparent interval will be leſs than the true by 
ſum of their refractions. : 
366. Secondly, the apparent interval between 
any two ſtars equally bigh, is always leſs than 


ſhort of the true; that is, by 


their true interval. For the ſtars being equally 
| high, are equally elevated above their true pla- 


ces in two vertical circles that converge to the 
zenith; and therefore their true interval is 
ſomewhat contracted by the refractions; though 
but little, becauſe near the horizon, where the 


refractions are the greateſt a, the two vertical a Rem, 


ſtars, rheir ſtars are referred; the point where it is cut by circles are nearly parallel to each other; and 362. 
true and 2 ſtraight line drawn from the eye to a ſtar, is near the zenith, where they converge quickeſt, 
2 4 called the ftar's true place; and the point where the refractions are very ſmall. | 
2 367. And laſtly, the apparent interval be- 


2 point of incidence upon the eye, is the tween two ſtars in any oblique poſition, is al- 
flar's apparent place; and the arch of a great ways leſs than their true interval. Let the true 
circle lying betwixt the true and the apparent places of the ſtars be a, 6, and their apparent Fig. 10 
pig. 101. _ or the angle NOX, (at the eye,) meaſured places «, & in the two vertical circles a«z, 
* Rem. by it, or the equal angle OXY under the 38 and fince the refraction of the lower ſtar, 
. tangents to the curvity of the viſual ray at its is greater than that of the. higher, that is, 424 
< two extremities, is called the ftar's refrafion. greater than-bÞ; the apparent interval «8 Will. 
Accordingly the arch of a great circle betwixt be leſs oblique to the two verticals than the true 
the true places of two ſtars, or the angle at the interval ab; and being higher too, will be 
eye meaſured by it, is called the true interval ſhorter than ab upon both accounts. 
4 ars; and laſtly the arch of a great circle 368. The principal uſe of a Table of refrac- Table of 
twixt their apparent places, or the angle at tions, is to deduce readily the true place of a refratiqqs. 
the eye meaſured by it, is called he apparent ſtar from its apparent place, by deducting the of flars 
interval of the flars. A great circle is well refraction belonging to its apparent altitude ob- 


known to divide the ſpherieal ſurface into two 
hemiſpheres, and the plane of it to paſs through 
the eye at the center. 


ſerved by an inſtrument. The following Table, 
made by Sir 1/zac Newton, is taken from the 
Philoſophical Tranſactions No. 368, where Dr. 


Halley, the publiſher, has given ſome. uſeful re- 
marks- upon ſome allowances to be made in 
aſtronomical obſervations for the refractions of 
the air, without the troublo. of trigonometrical 
calculations. 


The intet- 364. The apparent interval between two 
vals ot all ſtars ſituated on 2 ſame ſide of the zenith and 
Harsappear in the ſame vertical circle or plane, is ſo much 
conttacted Jeſs than their true interval, as the refraction 
by refrac- of the higher ſtar is leſs than that of the lower. 


TRAD" 5s REMARES UPON AAT. 170. 62 
Ht: Table of the Refrattions of Stars adapted to their apparent altitudss.- 7 4 


Appar. Refrac- Appar. | Refrac- Appar. j Refrac- 
Ne. | tion. The. tion. | k t. tion 
deg. m.] m. ſec. ] | deg. m. ſec deg. m. ſec. |; 
O' Of 33; 45 16 3 4] |. 46 o 52. . 
9 151 30 24 7 | & $$. Þ 47 þ- 0:56: 
o 30|. 27 35 18 2- 43]-| 48 o 48]. 
* © 45] 25 n 9 7 5 49 |. o 47h; 
"ol 33 7| | 2 | 2 || 5 | o vl 
1 15] 21 20 21 2 181 51 Oo 44 f "TAP 
| 1 30 19 46 22 33 - 52 0 42 : 
1 45] 18 22 23 % © 53 o 40 
n l 24 1 59 54 O 39 K 
2 30] 15 2 25 1 54 55 WM} 
3 © 13 20 26 1 49 56 1" S] 36 1 P 
3 30] 11 57 27 144] |- 57 | 0 3501 
4 0 10 48 28 |} 1 qo[ |: 58* | of 9477 
4 30 9 50 29 1 36] |: 59 [0 32 
5 of 9.2 30 1 32 8 0 31 
— — — —— — — — — 
5 30 8 21 31 1 28 61 o 30 
i 83 7 45 32 I 25 62 o 28 
„ 7: I 33 1 22] |: 63: |]: © 27 
7:85: 6 34 i 19] |' 64 |: 0 26 
7748 22 35 1 16 65 8 1; 
— —— — — . — — Is ene 
8 36 1 19 56 „ 8 
8 30 5 40 37 1 11 3 
9. of 5 22 38 1.151 „ 
e 
10 [ 4 52 40 : 4| |. 79 e 
1k © 27 41 IE i 9 19 
12: a 4 5 42 $6 I o 18]: 
5 \\0Þ+'$..497.1 44. {0580 6 281. 9h 
14 of 3. 431 44 | © 56] | 74 | 5 
5 of 3 7 „ 4 1 


369. As to the methods taken by aſtrono- under the Equator might make a table of re- 
mers for making a table of refractions, it is here fractions with much leſs trouble by means of 
ſufficient to ſay in ſhort, that they chiefly con- any ſtar that goes over his zenith. 
fiſt, firſt in finding the latitude of the obſerver s 370. I will only obſerve farther, that though Inconſtan- 
place by obſervations made ſo near the zenith, an accurate aſtronomy cannot be obtained with. cy of theſe * 
as not to be affected by à ſenſible refraction 3 out à correct table of refractions, yet that no 1 
ſecondly in taking the greateſt altitude of a ſtar one table can ſerve preciſely either for the ſame - 
fling ſo near the zenith as to ſuffer no ſenſi- place, the fame ſeaſon or even the fame time of 
le refraction, whereby its true diſtance from - the day a, eſpecially when the objects obſerved a Ar, G. 
the pole is given; thirdly in obſerving as many are low; it being. well known that the air's 
other altitudes, as you pleaſe, of that fame ſtar, denſity and refrative power are increafed by 
noting the fidercal times of each obſervation, . cold and diminiſhed by heatd, not to mention b See Dr. 
reckoned from its tranſit over the meridian ; and - the .changeable- mixture of vapours and exhala- Fwrin's 
laſtly, from theſe (or the like) data, in com- tions with the air near the horizon. There is a * 2 
puting its true altitudes at thoſe given times of famous obſervation of this kind made by ſome n, 
obſervation. z which, being ſeverally deduct - Hollanders that wintered in Neva Zembla in 1 
ed from the obſerved altitudes, will give the the year 1596, and were ſurpriſed to find, that prop. 41. 
rarreſponding refractions. An obſerver. living after à continual night of three months, => 75 
| . * 4 N : 4. un — 
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62 REMARKS UPON AR r. 170; - Book” f. 
ſun began to riſe ſeventeen days ſooner than a- produced. For this reaſon ſeveral total eclipſes 


cording to computation, deduced from the alti- 
e obſerved to be 760: which can- 
not _ otherwiſe be accounted for, than by an ex- 


of the moon have been ſeen in the horizon, 


when the ſun was alſo viſible in the oppoſite 


part of it. The ancient philoſophers that knew 


traordinary quantity of refraction of the ſun's nothing of the air's refractive power, were very 
rays paſſing through the cold and denſe air in much perplexed with this ſtrange phanomenon ; 


that climate. | Kep/er computes that the ſun was 
almoſt five degrees below the horizon when he 


fractions in of the ſun or moon, it is manifeſt that all the 
the moon's heavenly bodies are entirel 
ecliplet. reality they are below the 


viſible when in 
of the horizon 


and alſo to give a reaſon why the moon ſhould 
be viſible at all, even at any altitude, when to- 


eſt; in this caſe I will ſhew that the ratio of 
tm to tn isabout 4 to 3, and conſequently that 
the moon, though centrally eclipſed at , may 

yet 


a Patali- firſt appeared a ; and confequently the refraction tally immerſed within the earth's ſhadow, as 
3 vi. of his rays was about nine times greater than it ſhe always is ; appearing generally of a duſky, 
13. is with us. On the other hand, it has been ob- red colour, not unlike that of tarniſhed copper, 
| ſerved that the horizontal refractions at places or ef iron almoſt red hot. This they thought 
near the equator are near a third part leſs thin was the moon's' native light, by which ſhe be- 
at Paris. But in aſcending 4 their diffe- came viſible when hid from the brighter light 
rence diminiſhes gradually, till it becomes in- of the ſun. Plutarch indeed, in his Diſcourſe 
ſenſible at the height of about. 60 — Reg. upon the Face in the Moon, attributes this ap- 
Sci. Acad. Hiſtor. per du Hamel. p. 600. pearance to the light of the fixt ſtars reflected 
Oral figures 371, Since the apparent vertical diameters of to us from the moon; but this is much too weak 
— 2 the horizontal ſun and moon (by reaſon of the to produce that effect. The true and only ſen- 
—— wig unequal refractions of the higheſt and loweſt fible cauſe of it, is the ſcattered beams of the 
rays) are much more contracted than their ho- ſun bent into the earth's ſhadow by refractions 
rizontal ones, their pictures upon the retina through the atmoſphere, after the following 
and conſequently their apparent figures become manner. . 

R oval ; their longeſt and ſhorteſt apparent diame- 373. Let the body of the ſun be repreſented The eanh 
i” row ea ters being frequently as 5 to 4, eſpecially in the greater circle ab, and that of the earth ſhadow 
'. mercla p. the mornings when the rays are moſt refracted by the ſeſſer one cd; and let the lines ace and how =_ 

201. a colder, denſer, and moiſter air. The þge touch them both on their oppoſite fides and 3 
Fig. 103. Circle adce, whoſe center is b, repreſents the meet in e beyond the earth ; \ the angular = 
ſun's true diſk projected upon the ſpherical ſur- ſpace ced will repreſent the conick figure of the pig, 104 
b Rem, face abovementioned Þ, and the oval a its earth's ſhadow, which would be totally depri- 
363. apparent one. Now ſuppoſing bg, the refraction ved of the ſun's rays, were none of them bent 
or elevation of its center, to be equal to its true into it by the refractive power of the atmo- 
diameter ac, the elevation a of its loweſt point ſphere. Let this power faſt vaniſh at the circle 
will be greater, and cy that of its higheſt point 5, concentrick to the earth, ſo that the rays 
will be leſs, than 583 which will cauſe 84 to ab and bi, which touch its oppoſite ſides may 
be leſs than 87, and the lower ſegment of the —_— unrefracted and meet each other at 4. 
oval to be flatter than the upper. Their pro- hen the two neareſt rays to theſe, that flow 
portions may be eaſily computed by the table within them, from the ſame points a and 6, 
of refractions and obſerved through a ſmoaked being refracted inwards through the margin of 
* Rem, glaſsor with a teleſcope *. But unleſs the hori- the atmoſphere, will croſs each other at a point 
128. zontal moon be exactly in the full, the defect 7, ſomewhat nearer to the earth than 4; and in 
of the illumination of her diſk, towards the like manner, two oppoſite rays next within the 
right hand or left will partly deſtroy that oval two laſt will croſs each other at a point , ſome- 
figure and reduce it to thoſe rounder, though what nearer to the earth than J, having ſuffered 
ſomewhat irregular, ſhapes with which it fre- greater refrattions, by paſſing through longer 
quently appears. And the riſing full moons a- and denſer traèls of air ring ſomewhat nearer 
bout the time of the autumnal equinox, and the to the carth. The like approach of the ſucceſſive 
ſetting full moons about the vernal, will be the interſections 4, 1, mr, is to be underſtood of innu- 
roundeſt of all, becauſe the ecliptick is then merable couples of rays ; till you come to the 
very oblique to the horizon; ſo that the defect interſection u, of the two innermoſt ; which we 
of illumination falls fuller upon one end of the may ſuppoſe juſt to touch the earth at the points 
horizontal diameter, For theſe reaſons the ho- o and p. It is plain then, that the ſpace bound- 
rizontal moon appears oval but very rarely, ed by theſe rays on, up, will be the only part 
eſpecially in the evenings of warm weather, the of the earth's ſhadow wholly deprived of the 
ae being then ſmaller. ſun's rays. Let fmg repreſent part of the moon's 
- Viſible ef. 372. The refraftion of an horizontal ray be- orbit, when it is neareſt to the earth at a time 
fects of re- ing generally cquivalent to the apparent diameter when the earth's dark ſhadow op is the long- 
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viſible by means of thoſe ſcattered rays 
abovementioned, . firſt . tranſmitted to the moon 
by refractions 8 the atmoſphere, and from 
. lerhe ncleneand emergent par 

- * For let ent a 

tration. 4 : the ray agorn, chat juſt touc — 
Ng. 105 · at o, be produced till they meet at u, and let agu 
produced meet the axis . cedin x; and 
joining u. and wm, refractions of an 
Horizontal ray paſſing from o to r or from o to 4 
would be alike and equal, the external a 
#xx is double the quantity of the uſual re! 


The ſun's horizontal parallax 


CHAP; REMARKS UPON ART. 170, 63 


of an horizontal ray ; and the angle as is the 
2 meaſure of the ſun's ſemidjameter ſeen 

rom the earth; and the angle 271 is that of the 
earth's ſemidiameter V ſeen from the ſun (cal 
led his horizontal parallax) ; and laſtly the an- 

le unt is that of the carth's ſemidiameter ſeen 

rom the moon, (called her horizontal paral- 
lax ;) becauſe the elevation of the point # above 
the earth, is too ſmall a to make a ſenſible. er- Ren. 
ror in the quantity of theſe angles; whoſe mea - 


ſures by aſtronomical tables are as follow. 


1 77 


The ſun's leaſt apparent ſemidiameter =ang. aus =1 5—50 


— ang. «sf =00-—10 


Their difference b is — 


31. 


Their ſum e is 


e kucl. 1. 


Therefore we have tm: in:: (ang. f: ang. 
„An. C in:: 83 — 10 62 —10“ :) 4: 3 in round 
numbers, which was to be proved. It is eaſy o 
collect from the moon's greateſt horizontal pa- 
rallax of 62 — 10%, that her leaſt diſtance tm is 
about 55 = ſemidiameters of the earth, and 
therefore the greateſt length f of the dark 
ſhadow, being three quarters of f, is about 41 - 
ſemidiameters. | 
llumina- .... 3756. The difference of the laſt mentioned 
tion of the angles un, in is mun=21", that is, about 
moon © two thirds. of 31'—40”, the angle which the 
clipled how hole diameter of the ſun ſubtends at x. Whence 
en. it follows that the middle point m of the moon 
centrally eclipſed, is illuminated by rays which 
come from two thirds of every diameter of the 


and alſo by rays that come from the oppoſite 
two thirds of every one of the faid diameters, 
and paſs by the other fide of the earth. This 
will a by conceiving the ray aqors to be 
inflexible, and its middle point „ to ſlide upon 
the earth while the part rn is approaching to 
Art. 44+ touch the point ; for then the oppoſite part 
ga will trace over two thirds of the ſun's dia- 
d Art. 59. meters, The true proportion of the angles 2m, 
2, could not be preſerved in 8 by 

reaſon of the ſun's immenſe diſtance and magni- 
tude with reſpect to the earth. | 
376. Having drawn the line at, it is obſer- 
vable that all the incident rays as aq, as flow- 
ing from any one point of the ſun, to the cir- 
cumference of the earth, will be collected to a 
focus a, whoſe diſtance a is leſs than ? in the 
ratio of 62 to 67 nearly; and thus an image of the 
ſun will be formed-at « 8, whoſe rays will di- 


erence of the angles xe, ut found above; 


ſun's diſk, and paſs by one fide of the earth; 


2 For the angle tas is the 


ang. fxu=If—40 


þ Eucl. I. Double the horizontal refraction — ang. nux=67—30 


— can. n 83 — 10 


45 : The moon's greateſt horizontal parallax ung. n 62— 10 


and a: m:: ang. fun: ang. fan :: 62 = „ An. C0. 
10“: 67 — 30“. 

377. The rays that flow next above aq and How they 
ax, by palling 33 a thinner part of 5 at- increaſe in 
moſphere, will be united at a point in the axis 8 
ate ſomewhat farther from the earth than the nag bright 
laſt focus « ; and 


the ſame may be faid of the 


_ that paſs next above theſe, and ſo on; 
v 


reby an infinite ſeries of images of the ſun 
will be formed, whoſe diameters and degrees 
of * will inereaſe with their diſtances 
from the earth. 


378. Hence it is manifeſt why the moon e- The colous 
eis ed in er? igee is > hate) appear al- of the 
ways duller and darker than in her a The moon e- 
reaſon why her colour is always of the copper clipſed ex- 
kind between a dull red orange, I take Plained. 

to be this. The blue colour of a clear ſky ſhews 

manifeſtly that the blue-making rays are more 


copiouſly reflected from pure air thoſe of 


any other colour; conſequently they are leſs 
copiouſly tranſmitted through it among the reſt 
that come from the ſun, and fo m the leſs 
as the tract of air through which they paſs is 
the longer. Hence the common colour of the 
ſun moon is whiteſt in the meridian: and. 
ws gradually more inclined to diluted yel-- 
w, orange and red as deſcend lower, 
that is, as the rays are itted through a 
longer tract of air; which tract being till length- 
in to the moon and back again,. 
cauſes a ſtill greater loſs of the blue-making rays 
in proportion to the reſt ; and ſo the reſulting. 
colour of the tranſmitted rays muſt lye between a 
dark orange and red ; according to Sir IJſaac 
Newton's rule for finding the reſult of a mixture 
of colours *. We have an inſtance of the reverſe „ Opt. 5. 


of this caſe in —— MM. 
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64 | mAnEMARES UPON ART. 190, 00% f. 


by reflected and blue by tranſmitted rays. The 
circular edge of the ſhadow in a partial ecli 
apfears red, becauſe the red-making rays are the 

a Art. 172+ Jeaſt refrafted of all others a, and conſequently 
are left alone in the conical ſurface of the ſha- 
dow, all the reſt being refracted into it. 


Other ef- The refle&ive power of the air is the 
. e rods thas . objects ſo uni form- 
1y on all ſides. The abſence of this power would 

occaſion a ſtrange alteration in the appearances 
-of things; their ſhadows would be fo very dark 
and their ſides enlightened by the ſun ſo very 
bright, that probably we could ſee no more of 
them than their bright halves; ſo that for a view 
of their other halves we muſt turn them half 
round, or if immoveable, muſt wait till the ſun 
could come round upon them. Such a pellucid 
unreflective atmoſphere would indeed have been 
very commodious for aſtronomical obſervations 
-upon the courſe of the ſun and planets among 
the fixt ſtars, viſible by day as va pr by night ; 
8 but then ſuch a ſudden tranſition from darkneſs 
| to light and from light to darkneſs immediately 
upon the riſing and ſetting of the ſun, without 
-apy twilight, would have been very inconve- 


nient and offenſive to our eyes. 

Twilight 380. The better to underſtand the beginning, 
explained. increaſe and ending of twilight, let the ſun's 
'rays coming in the direction 5ab, enlighten a 
ſegment of the atmoſphere repreſented by the 


the air. 


Thaded ſegment «bra, and terminated Belo 
eee defcelbed the.corvas alt; oa; 


by the line ab, that touches the earth's ſurface 
at d, and above by the arch agh, From the end 
.6, oppoſite to the ſun, draw a line be, touching 
the earth at another point ez and ſuppoſing 
no refractions of rays, a ſpeRator at e might 
Juſt perceive a faint light in his horizon eb, re- 
flected to him from the air or vapours at 6. 
By the earth's diurnal rotation let the ſpectator 
. . 
into the poſition g/ cutting db in ; and from 
be will ſee the — bgb of the luminous ſeg- 
| ment 6gab, by rays reflected every way from 
* Art. 5c. every point of it“. And laſtly when the earth 
has carried him to d, the whole luminous ſeg- 
ment ag will become viſible to him, together 
with the ſun in his horizon da. 
The old 381. From this conſideration the ancient ma- 


pay of te thematicians determined the beigch of the at- 


height of moſphere to be about 50 miles ®, as follows. 


the armo. Immediately upon perceiving the firſt and faint- 
ſphere. eſt light in N horizon eb, they obſer- 
* All ved the altitudes or poſitions of ſome of the 
prop. ule, brighteſt ſtars; from which they computed how 
many d the ſun was then below the hori- 
20ðn, ſound them at a medium to be about 
18 degrees; which being the meaſure of the 
angle db»: between the two horizons 40, eb 

produced to m, or between their i 


ed, ce, drawn from the earth's center, they right- 
ly concluded, that the enlightened vapours'at ö, 
were fituated in the line ch which biſects the 
faid angle dce of 18 degrees. Now in the right- 
angled triangle cab, the radius c is to the ſe- 
caut ch, of the angle dcb of g degrees, as 10000 
to 10125, or (multiplying both by 4 and divi- 
ding by 10) as 4000 to 4050. Therefore, the 
earth's ſemidiameter cd being about 4000 miles, 
we have << ven to 4050 3 and conſequently 
the height of the vapours at b above the earth's 
Turface 1s by miles: ſuppoſing as I ſaid that the 
horizontal rays 4b, be were not retfracted; which 
Alhazen did not conſider, not knowing how 
much to allow for it, as I obſerved above. 


382. But fince thoſe rays db, be do each of , cone: 
them fuffer a continual refraction inwards along tion of 
The curves 48, ge; the utmoſt height of the re- by tefnc- 
flective matter at 8 above the earth's ſurface, tions. 
will be reduced to about 44 + miles, according Fig. 105. 
to the following rule given by Dr. Halley*. . phil. 
From the aforeſaid angle dee of 18 degrees, Tau, Vo. 
ſubſtract twice the uſual refraftion of an hori- 181. 
zontal ray, or about a degree ; and half the re- 


- mainder will be about 8 4 degrees; whoſe ſe- 


cant _—_ 10111, it will follow that as 10000 


to 111, fo is the ſemidiameter of the earth or 


4000 miles to 44, 4 miles. 


F 358. For ſuppoſing two rays to ſet out from Demonſts 
dan 


e along the horizontal lines db; eb, and tion of i. 


croſs each other at 8 near the top of the atmo- 
ſphere ; tl ey will ſoon depart from it in ſtraight 
lines 8, 89, each declining from the reſpective 
horizons db, eb in an angle of about half a de- 
gree. And therefore the perpendiculars cp, 
cq to the lines 87, 8 produced back, will ſeve- 
rally decline from the perpendiculars cd, ce, to 
the ſaid horizons, in the like angles pcd, gce 
of half a degree; and will be nearly equal to 
the ſemidiameter of the earth ; becauſe the cur- 
vity of the rays 84, Be near þ is excceding 
ſmall o. Conſequently es is the ſecant of the Ren. 
angle gc, to the — th cþ or cd nearly, that is, on 
of the angle dcb diminiſhed by dcp, the re- 
fraction of an horizontal ray. It is farther to be 
obſerved, that the ray 24s came from the ſun 
not ſituated in the horizontal line adb, but in 
the tangent a of the curve «d, inclined to a db 
in an angle of half a degree, Therefore fince 
the tangent 8 to the reflected ray ge, is alſo in- 
clined to the other horizon eb in the like angle, 
the angle under the tangents ga, 30 muſt be e- 
qual to the angle abm under the two horizontal 
lines bd, be. A 


384. Hence it follows, that the height of the pimen- 
reflective atmoſphere, (being about 44 3 miles,) 2 
is about part of the earth's ſemidiameter; and — 


that armoſphert 


Del 


a Le 
Opti 
146. 


Deſc 
of an 
ſtrun 
for fi 
the « 
of ref 
tion 
fluid; 
Fig. 1 


whe ut: 
refractive 


power. 


; $10, 


2 . 


b pag. 512. 
Ad. 3. 


All cke 
heavenly 
bodies are 
equally 
caiſed by 
reſtactions. 


Delign, 


a Lectiones 
Optic. p. 
146. 


Deſcription 
of an in- 
{trumear 
for finding 
the ratio 
of refrace 
tion in 
fluids, 

Fig. 109. 


CHAP. 6. 
That a ray of light a 4s, palling horizontally by an 
place = 4 the earth's ſurface, is ſo * 
the curve dP, as, at the point & where it departs 
from the reflective atmoſphere, to fink about 5 
miles below the tangent 4 to the place 4; 
and that the diſtance 48 is about 600 miles: 
and conſequently that any place 4 is conſtantly 
enlightened in the day time by rays refle&- 
ed from every part of a ſegment of the atmo- 
ſphere, whoſe height is about 44 + miles and 
whoſe circular baſe is about 1200 miles in dia- 
meter. 

385. The ſine of incidence in vacuo is to the 

e of refraction into common air, as 1000000 
to 999736 *; and therefore when the angle of 
incidence is a right one or the neateſt to it, the 
greateſt angle of deviation, contained under the 
refrafted ray and the incident one produced, is 


almoſt 79 minutes. And this angle being but 
ſmall will be diminiſhed very nearly in a ſub- 
duplicate ratio of the air's ty as Sir Iſaac 


Newton ſhews in his Opticks a; and in his Prin» 
cipia he ſhews b, that at the height of one ſemi- 
diameter of the earth above her ſurſace, if the 
air reaches ſo high, it muſt become rarer than 
the air with us, in a far greater ratio than that 
of all the ſpace within the orbit of Saturn to a 
globe of ſpace of an inch in diameter. 


386. Hence we may reaſonably conclude that 
the ſun and all the 3 at any given alti- 
tude, appear equally raiſed by refractions; be- 
cauſe they are all Ge above that rarefied air, 
and becauſe their lights, as being all derived 
from the ſun, are all equally refrangible. And 
it appears by aſtronomical obſervations that the 
rays of the fixt ſtars are alſo equally refracted 
with thoſe of the ſun and planets. Tycho Brabe 
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was a long time of a different opinion, holding 
the refractions of the fixt ſtars to be leſs than 
thoſe of the ſun and moon; but at laſt he was ſen- 
fible of his miſtake, occaſioned by making the pa- 
rallaxes of the ſun and moon too great; by which 
he depreſſed them too much among the fixt ſtars, 
and was therefore obliged to raiſe them too muck 
by too great an allowance for refractions. x 
387. The twinkling of ſtars is another effect Twinkling 
of the refraftive power and trembling motion of ſtars ow* 
of the air and interſperſed vapours ; which cauſe . w_ 
the ſucceſſive rays to fall upon the eye in diffe- 2 
rent directions, and conſequently upon different Y 
of the retina at different times, and alſo to 
it and miſs the pupil alternately. Theſe tre- 
mors of the air are manifeſt to the eye by the 
tremulous motion of ſhadows caſt from high 
towers; and by looking at objects through the 


. ſmoke of 4 chimney or through ſteams of hot 


water, or at objects ſituated beyond hot ſands, 
eſpecially if the air be moved tranſverſely over 
thema. But when ſtars are ſeen through teleſcopes a N 
that have large apertures, they twinkle but little Microgra- 
and ſometimes not at all. For (as Sir Iſaac New- Phy P. 238 
ton has obſerved) © the rays of light which paſs Opt. pag; 
through divers parts of the aperture, tremble 38. 
each of them apart, and by means of their va- 
rious and ſometimes contrary tremors, fall at 
one and the ſame time upon different points 
in the bottom of the eye, and their trembling 
motions are too quick and confuſed to be per- 
ceived ſeverally. And all theſe illuminated 
points conſtitute one broad lucid point, com- 

ſed of thoſe many trembling points confuſed- 
E and inſenſibly mixed with one another by 
very ſhort and ſwift tremors, and thereby cau 
the ſtar to appear broader than it is, — with» 
out any trembling of the whole. 


Upon Chapter 6. Concerning the erigine and cauſe of colours, 


388. Sir Iſaac Newton has not only obliged 
us with his own diſcoveries of the true origine 
and cauſes of colours, but alſo with an account 
of the notions which the world had formerly of 
them . But as theſe are very unſatisfactory, I 
ohuſe to paſs them by, and to tranſcribe ſome of 
thoſe practical methods by which he determin- 
ed the conſtant Ratio of refraction both in fluids 
and ſolids ; and thereby confirmed this funda- 
mental property of light, from which all the 
certainty and accuracy of our knowledge in op- 
ticks is chiefly derived, 

389. Let HK be a ſquare beam of wood two 
or three yards long, or rather a hollow tube, 
to prevent its bending, by its own weight; and 
let its oppoſite ſides be perfectly plane and pa- 
rallel ; and let H and K L be two ſquare boards 
fixt perpendicular to one of its ſides; the one 


KL at the very end of the beam, and the other 


1 this glaſs be placed exactly perpendicular t 


fl about four inches from the other end. Theh 
let the baſe of a ſmall deep veſſel CF, of any 
ſhape and ſubſtance, be fixt upon the board H 
by hard cement, and reſt againſt the end of the 
beam continued beyond HI; and let a ſmall 
hole about a tenth of an inch broad be bored. 
through the middle of the bottom of the veſſel 
at F, and alſo through the board it reſts upon & 
and the oppoſite board being painted white, let 
a mark R be made upon it at the ſame diſtance 
from the beam as the center of the hole F, ſo 
that the line FR may be exactly parallel to the 
ſides of the beam; and let a piece of glaſs- 
ground equally thick and well poliſhed be ap- 
lyed to the under ſide of the H, and 
be nſtened to it with cement dawbed round a- 
bout the hole F, to prevent any of the fluid. 
cntained in the veſſel from running out ; and 


cke 


Row to 
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66 
the ſides of the tube by means of a ſquare. Then 
let two cylindrical pins of braſs or iron be fixt 
in the middle of the oppoſite fides of the beam, 
and be lodged in two angular notches cut in 
two parallel boards placed upon a firm pedeſtal, 
that the beam may turn eafily upon the pins, 
like the beam of a ballance, and be readily fixt 
at any given inclination to the horizon. 

90. The inſtrament being thus prepared 
and the beam being placed in a vertical plane 
paſſing through the ſun, let the veſſel CF be 
about half filled with water ; and when the beam 
is ſo inclined that the refracted rays ſhall paſs 
through the hole F and fall on the board KL, 
by moving the beam a little it will be eaſy to 
make any colour you pleaſe fall upon the mark 
R; then let the inclination of the beam to the 
horizon be taken with a large quadrant, whoſe 


fide ei, being applyed to the under fide of the 


beam, will give the angle of refraction er of 
that ray, and its ſine er; becauſe the plumb- 
line &r is perpendicular to the ſurface of the 
water. Then let the ſun's altitude be imme- 
diately taken; and its complement A&D to go 
degrees will be the angle of incidence, and 40 
its fine. Which ſines being compared together, 
after ſeveral trials of the experiment at dif- 
ferent heights of the ſun, will always be found 
to be in the ſame ratio, when a ray of the ſame 
colour falls upon the mark R. If it be defired 
w make many repetitions of the experiment in 
2 little time, and for ſmaller angles of incidence 
man thoſe of the ſun's neareſt diſtance from the 
zenith , a piece of looking-glaſs may be inclined 
over the mouth of the veſſel, to reflect the rays 
downwards, partly into the veſſel and partly by 
the fide of it, to be examined as before inſtead 
of the ſun's direct rays. Le&. Opt. Par. I. G 2. 

391. But the moſt accurate way of all for 
finding the exact quantity of the ratio of re- 


* fraction, is this other of Sir 1/aac Neautona. It 
vally Was obſerved in Art. 171 that when the axis of 
es. the priſm is held perpendicular to the ſun's rays, 


- a Ibid. Par, and the reſractions are made upwards, that by 


L 5. 2 


turning the priſm ſlowly about its axis, the re- 
fracted light, or the ſun's coloured image caſt 
upon a wall, will firſt deſcend and then aſcend 
during the ſame continued rotation of the 
priſm. Between the aſcent and deſcent when 
the image is ſtationary, let the priſm be ſtopt 
and remain fixt in this poſture ; and then the 


refractions of the rays at their ingreſs and egreſs 


on each ſide of the priſm will be equal. 

392. For during the deſcent of the image, 
it is plain thet the ſum of theſe two refractions 
continually deereaſes, and then increaſes again 
during its aſcent; and therefore there are two 
poſitions of the priſm, before and after the 
image is ſtationary, wherein the ſum of the 


refraQions at its ſides are equal; and cauſe 
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the image to fall upon one and the ſame place 

of the wall. In theſe two poſitions, the ray Fig. Ale 
DE in the one and J in the other, lying with - 1, 
in the refracting angle ABC, are equally in- 

clined to its ſides AB, BC, but contrary ways; 

that is, the triangles B DE, Bed are equiangu- 

lar. For ſuppoſing it ſo, and the rays to go both 

ways, along the lines DE, di, the refractions 

in going out at D and + will be equal to each o- 

ther, and alſo in going out at E and J; and con- 
ſequently the ſum of the unequal refractions at 

D and 4 will be equal to the ſum of thoſe at q 

and « : and hence it is that the image falls up- 

on the ſame place on the wall in both poſitions 

of the priſm, But according as this. common 

place of the image comes nearer to the limit of 

its contrary motion, experience ſhews that the 

two poſitions of the priſm come nearer to that 
intermediate poſition which throws the image to 

its limit. Therefore at the ſame time the angles | 
at the baſes DE, J. of thoſe fimilar triangles Fig- 11 
BDE, B. approach gradually to equality, and 
become equal when the image is at its limit:z.and. 
conſequently the refractions at D and E are then 
equal. This will alſo appear by the rays STF re- 

flected from the top of a glaſs - priſm provided the 

legs AB, BC of the refracting angle be equal, 

as they generally are; for then, as the incident 

rays S T and S D are parallel, fo the reflected ray 

TV and the refracted one E P will alſo be parallel 

in this poſition of the priſm ; as will be evident 

to the eye by the ſmall diſtance or rather coinci- 

dence of the two images Y, P on the wall, which 

in all other poſitions of the- priſm. will be. wide- 

Kees rar Sir Iſaac has proved the whole ma» 

ematically, Le&. Opt. Par. I: F. 3. prop. 25. 

393. In this poſition of the priſm the angle of The angle 
refraction at the ingreſs of a ray is equal to half of retrac- 
the refracting angle ABC. For let LD & be per- on 22 
pendicular to AB, and ſince the line BQ, that bi- fading = 
ſects the vertical angle B of the iſolcelar triangle ie of ibe 
DBE, is perpendicular to its baſe DE; in the pm. 
right angled triangle B9 D, its two acute angles Fig. 113. 
2BD, 2DB will be equal to its right angle“, b Eucl. l. 
or to the right angle B DK, conſiſting of the an- 32. 
gles QD and 2D K. Therefore by taking a- 
way the common angle 2 D B, there remains 
2BD equal to 2 D K, that is, half the refracting 
angleofthe priſm is equal tothe angle of refraction. 

394. Now the refracting angle of the priſm How to 
— be meaſured by laying two rulers croſs mealute is 
each other upon the fide of a ſmooth table; and rig. 114 
by altering their inclination till the edyes of the 
parts that project over the table, coincide with 
the ſides of the refracting angle of the priſm in- 
terpoſed between them. For then two lines 
drawn upon the table, by the fides of each ruler, 
will give the refracting angle, to be meaſured 
by a ſector; as —_— by the figure, where the: 
rulers are ab, cd; and the priſm is e. 

. 398 


enAp. 6. 
30985. The priſm being placed as above, let 
find the the altitudes of the incident and emergent rays, 
augle of FD, EP, be taken N er and the 
incidence» angle of incidence SD L, will be equal to half 
Fig-4!3+ the ſum of theſe altitudes. For let theſe rays be 
produced back till they interſe& one another in 
1, and any horizontal line in M and N ; and the 
angles at M and M will be the altitudes of theſe 
rays above the horizon; and both together will 
be equal to the external angle MI1E*, which is 
— to the two internal angles of the triangle 
IDE ; and therefore half the ſum of the alti- 
tudes is equal to one of theſe equal angles TE D 
or I DE, which added to the angle of refrac- 
tion E D & found before, gives the angle of inct- 
dence IDK or SDL. 

396. If the ſun be higher elevated, till the 
emergent ray E P becomes parallel to the hori- 
zon, then the angle at N will vaniſh ; and if 
the ſun be ſtill higher, the emergent ray will 
tend downwards ; and then the angle at N will 
become negative: therefore in this laſt caſe, 
half the difference of theſe altitudes muſt be 
added to half the refracting angle of the priſm, 
to get the angle of incidence. His ph 

. . Sir Iſaac Newton has given us the fol- 
— 22 * — of this methodꝰ. In a glaſs- priſm 


* Opt: t. whoſe refracting angle was 62 — degrees, the 


A half of it 319. 15“ is the angle of refraction in- 
to the priſm, whoſe fine is 5188 the radius be- 
ing 10000. When the axis of the priſm was pa- 
rallel to the horizon, and the ſun's image upon 
the wall was at its limit of regreſſion, he ob- 
ſerved, with a quadrant, the angle which the 
mean refrangible rays (that is thoſe which went 
to the middle of the coloured image) made with 
the horizon ; and by adding this angle to the 
ſan's altitude obſerved at the ſame time, he 
found the angle P IM, which the emergent rays 
contained with the incident ones, to be 44%. 


now to 


'* Lacl. I. 
TIO 


„see Cotes, 40 ; Whoſe half 220. 20, being added to the 


Harmonia angle of refraction 3 1. 15, makes the angle of 


Menſuta - incidence 53. 45, whoſe fine is $047 3 and 
tum p. 7, the ratio of theſe fines in round numbers“ is 
Schol. 3. 20 to 31. | 

The excel- 398. The excellency of this method appears 
Jeneles of from theſe conſiderations, that it requires no 
a 


other inftruments but a quadrant and a priſm ; 
that the refraction of the ray being doubled, an 
error in the practice is but half of what it would 
be in a ſingle refraction; that it is very eaſy to 
place the 7 in the required poſition ; and 
that a ſmall deviation from it does not alter the 
e of the image, or the ſum of the two re- 
fractions, as is evident upon trial and becauſe 
this ſum is then the leaſt of all others. For it 
is a known thing that the variations of quanti- 
ties generated by motion are generally inſenſi- 


ble, when the quantities become the greateſt 


thod, 
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or leaſt poſſible, that is, in the moment between 
their increaſe and decreaſe. + 


* 


399. Sir Jaac informs us of ſome other proper- Properties 
ties of refractions well worth obſerving a; to wit, of refrac- 


if a ray of light goes out of air through ſeveral tions thro 


contiguous mediums terminated by parallel planes, 
as through water and glaſs, and thence goes out 
again into air, the emergent ray vill always be 
parallel to the incident one. For let a piece of 
coach-glaſs of an equal thickneſs, be ſmezred 
over with a little water, or any other fluid ; 
and be held parallel to the horizon, that the 
water may be of an equal thickneſs ; then you 
will find that the rays of the ſun, tranſmitted 
through both mediums, will go parallel to his 
unrefracted rays ; as will appear by obſerving 
the places where they fall upon any diſtant plane 
beyond = on. a 

400. Hence ifa ra es through many re- 
fracting mediums 5 by parallel ae 
it will have the {ame inclination to the ſur- 
faces of the laſt medium as if it had ſuffered but 
a ſingle refraction in paſſing immediately out 
of the firſt medium into the laſt. For example 
let Aa, Bb, Cc be the parallel ſurfaces of water 
lying upon glaſs, and let the ray D be refract- 
ed into the line EF in water, and then into 
FG in the glaſs ; and let another ray P pa- 
rallel to DE, fall immediately upon the 2 
and be refracted into the line 2 R ; then the re- 
fracted rays FG, AR will be parallel. For let theſe 
rays emerge into air in the lines GH, RS; 


ſeveral pa- 


rallel 
planes, 

a Lect. Opt. 
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Fig. 127 


and becauſe G H is parallel (to DE“ or to PA Rem. 
by hypotheſis or) to RS ®, it follows that the 399- 


refractions at G and R are equal“; and conſe- 
yy the rays FG and QR are parallel and 
therefore equally inclined to the incident rays 


Att. 36. 
* Att. 1m. 


DE, P that is, the ſum of the refractions of 


the one at E and F is equivalent to the ſingle re- 
fraction of the other at 2. 

401. The concluſion will be the ſame though 
the number of different mediums be increaſed to 
infinity and the intervals of their parallel ſur- 
faces be as much diminiſhed ; ſo that the ray 
may be continually refracted into a curve line. 

402. Hence the proportion of the fine of in- 
cidence to the line of refraction of one and the 
ſame ſort of rays out of one medium into ano- 
ther, is compounded of the proportion of the 
ſine of incidence to the fine of refraction out of 
the firſt medium into any third medium, and 
of the proportion of the fine of incidence to the 
fine of refraction out of the third medium into 


the ſecond®. So that by this Theorem the refrac- * Newt. 
tion out of one medium into another is gather- Opt. Page 
ed as often as you have the refractions out of 


them both into any third medium. 

403. For let the perpendiculars to the ſur- 
faces through the points of refraction E, F, G 
be IK, LM, NO. Then the ſine of the angle 
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EF or FE K, is to the fine of DEI, as 3 to 
4 * ; and the ſine of the ſame angle DEI or 
HGO® is to the ſine of FGN orG FM as 31 
to 20*; and by compounding theſe proportions 
the fine of E FL, is to the fine of GFM, as 3 
* 31 to 4 * 20, as 93 to 80; which meaſures 
the refraction out of water into glaſs. 

404. If a priſmatick veſſel be made of wood, 
and two oppoſite holes, for light to paſs through, 
be made any where in the ſides containing the 
refracting angle, and if pieces of broken looking- 
glaſs unfoiled be cemented over the out ſides 
of the holes, and be ſet exactly to a right angle, 
as being eaſieſt to be examined by a ſquare, and 
the veſſel be filled with water, poured into a hole 
made in its third fide, or with any fluid whoſe 
refractive power is to be found out, and the 
hole be topped up with a cork ; and the like 
experiment be repeated with this priſm as was 
tryed before with that of glaſs *, you will have 
the ratio of the refraction of water. For the in- 
cident and emergent rays in the air will be in- 
clined to the intermediate rays within the wa- 
ter, in the very fame angles, as they would 
have been if the water had been contiguous to 
the air a. Sir Jſaac Newton by this accurate me- 
thod, found the ratio of — of red rays 
out of air into water to be 4 to 3. 

405. While che rays are paſſing through the 
priſm to the place P upon the oppoſite wall, 
if you ſuppoſe the water to be let out, the image 
at P will immediately fink down to M, where 
the line 8 D continued ſtraight on would fall 
upon the well. Becauſe the refractions at the 
outward and inward ſurfaces of the glaſſes cor- 
rect one aaother b. In like manner ſuppoſing 
the priſm to be full of condenſed air, and that 
this air has a greater refractive power than the 
outward air, the like appearance would happen in 
proportion to that power, excepting that the 
image P in this caſe would not fink all at once 
but gradually, as the air within becomes thin- 
ner, by eſcaping gradually, Conſequently: if we 
ſuppoſe the remaining air to be exhauſted .from 
the priſm, the refractions would. now be made 
downwards; and while the air was quffered to 
xe-enter the priſm, the image P would. appear 
to aſcend gradually, During theſe experiments 
if we ſuppoſe the rays to go backwards to the 
eye of a ſpectator placed at S, at firſt he would 
fee the place P upon the wall, and during the 
time that the condenſed air was eſcaping from 
the priſm in the firſt caſe, or the outward air 
was re-entering in the ſecond, he would ſee 
all the points of the line P M ſucceſſively a 

ring in the ſame direction S D: and laſtly 
i you ſuppoſe the wall PM to be very. remote 
and the rays DS to come through a fixt tele- 

cope to his eye, he would ſee the ſame a 

F6arances more plainly and diſtinctly, eſpecially 
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if croſs hairs be placed in the focus of the tele- 0 7 
ſcope for him to take aim by. Ps. 


406. An experiment of this kind was firſt a 
tryed by Mr. Lowthorp who made his vacuum * Phil. 
between two glaſs planes by the help of quick- Tok Na 
ſilver, and found the ratio of the fine of inci- 7 
dence to the fine of refraction out of air into 
the vacuum as 100000 to 100036; and the 
Royal Academy at Paris having afterwards at- 
tempted the ſame without ſucceſs , it was a- * Rift. 
gain repeated by order of our Royal Society at Au. 170. 


London. The apparatus was now made by the Fr 244 &. 1 
direction of Dr. Halley and conſiſted of a ſtrong tet 
braſs priſm, two ſides of which, had ſockets to ref 
receive two plane glaſſes ; and the third fide po 
had a pipe and ſtop cock, whereby the air in 2 


the priſm might either be exhauſted or con- 


denſed; the priſm had alſo a mercurial gage 


fixt to it, to diſcover the denfity of the con- 
tained air; and was contrived to turn upon its 
axis in order to make the refractions equal on 
each fide when it was fixt to the end of the 
teleſcope. The refracting angle was near 64 
degrees and the length uf the teleſcape about 
10 feet, having a fine hair in its focus. 


407. The event of the is related by 
Mr. Haul ſhes in theſe words. Having cho- * Phyf. 
ſen a proper and very diſtinct ere& object whoſe Mech. Ex- 
diſtance was 2588 feet (June 15. & V 1708. in Pr: F. anf. 
the morning, the barometer being then at 29, 80. 
7 f and the thermometer at 60) we firſt ex · 
hauſted the priſm ; and then apply ing it te the 
teleſcope, the horizontal. hair in the focus. co- 
vered a mark on our object diſtinctly ſeen 
through the vacuum, the two glaſſes being e- 
qually inclined to the viſual. rays. Then admit» 
ting the air into the priſm, the object was ſeen 
to riſe above the hair gradually, as. the air en- 
tered, and in the end the hair was found to hide 
a mark 10 inches below the former mark. This 
often repeated as often ſucceeded. 


408. This done we applyed the condenſing 
engine to the priſm; and having pumped in 
another atmoſphere, ſo that the denſity of the 
included air was, by the mercurial gage, double 
to that of the outward, we again placed it be- 
fore the teleſcope and then letting out the ain 
by the cock, the object, which before ſeemgd 
to riſe, now appeared gradually to deſcend; 
and the hair at length reſted on an object high 
er than beſore by the ſame interval of 104 in 
ches. And this likewiſe often repeated never 
filled. 

409. © We again crouded in another atmo- 
ſphere, and upon diſcharging the condenſed air, 
the object was ſeen near 21 inches lawer than 
the hair. But in this the great preſſure forcipg 
the cement, would not permit us to make ia 
frequent repetitions as in the former,” 

40S: 


as - —© © 


fig. 116. 


whethet 
heat alone 
may not al- 
iet the air's 
refractive 
power. 

a Art. 59+ 


Deſign, 


CHAP. 7, 


410.“ Now the radius being 2588 feet the 
interval 104 inches ſubtended an angle P 1M 
of 68“. The half of which gives 34 for the 
angle 2 DI; which being taken is the an- 
gle 2DXK or 2BD of 329, gives the angle 
K Dor LD S equal to 319 —59'— 26”. And 
ſo the ſine of incidence in vacuo, is to the ſine 
of refraction into common air as 1000000 to 
999736.“ So far Mr. Haukſbee. 

411. It appears by theſe experiments that the 
ſubtenſes of the angles of deviation PIM, and 
conſequently the angles themſelves , generated 
by the air's refractive power, were proportion- 
able to its denſities. And ſince the 2 of 
the atmoſphere is as its weight directly and as 
its heat inverſely, the ratio of its denſity at any 
given times may be had by the heights of the 
barometer and of Mr. Haukzbee's thermometer, as 
deſcribed in pag. 220. ibid. And thence he con- 
cludes that this will alſo be the ratio of the air's 
refractions, that is, of the ſaid angles of devia- 
tion at thoſe given times, But before we can 
depend upon the accuracy of this concluſion, I 
think it ought to be examined whether heat 
and cold alone may not alter the refractive 

wer of air while its denfity continues the 

me. This may be tryed by heating the con- 
denſed or the rarified air ſhut up in the priſm, 
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juſt before it is fixed to the teleſcope 3 and by 
obſerving whether the hair in its focus wi 
continue to cover the ſame mark all the while 
the air is cooling. 

412. A Table of the fines of incidence and 
refraction through a great variety of ſolid and 
fluid bodies may be ſeen in Sir /ſaac Nexwton's 
Opticks pag. 247. from which he computes ano- 
ther table of the Forces by which thoſe bodies 
refra& and reflect light; and finds them nearly 
proportionable to the denſities of the ſame bo- 
dies ; excepting that unctuous and ſulphureous 
bodies refract more than others of the ſame 
denſity. Mr. Haazk/bee has alſo given another 
Table of the ratio of the refractions of many 
other liquors chiefly chymical ® ; and when he 
fays that bodies do not refract light in pro- 

rtion to their ſpecifick gravities or denfities,” 
bo means only that when the fines of incidence 
upon different bodies are the ſame, the ratio of 
the fines of refraction is not the ſame as the in- 
verſe ratio of their ſpecifick gravities; which 
is very true, but not at all contrary to Sir 
1/aac Newton's rule for the ratio of their forces. 
By which rule and by the foregoing experi- 


69. 


Tables of 
refrations 
referred ro 


b Ibid. pag 
292, 


ments I find that the refractive force of air is- * 


as its denſity, its degree of heat being given. 


Upon Chapter 7. Concerning the cauſe of the refraction and reflection 
of light. 
414. Hence in plane of fimple opticks, the Fig, 2278. 


_ 413. Having explained Sir [/aac Newton's ſen- 
timents upon this ſubject, in purſuit of my gene- 
ral deſign I muſt here ſay ſomething upon the 
opinions of other philoſophers, ſome of which 
may be ſeen in Dr. Barrew's and in Dr. Gr 
gory's opticks. But as moſt of them are too pre- 
carious and arbitrary to require a formal con- 
futation, I will content my ſelf with the men- 
tion of Mr, Leibnitz's theory as having been 
received with great approbation. This gentleman 
being diſſatisfied with Des Cartes's theory, built 
upon an * N that the motion of lighs 
is more reſiſted in a rarer medium than in a 
denſer, advances another principle, by which 
he ſays the direct, reflected and refracted mo- 


tion of light may be accounted for even to a 


degree of mathematical exactneſs. His principle 
and theory built upon it, is thus tranſlated from 
the Leipfeck Acts e by Mr. Molyneux d © Light 


12 from the radiating point to the point to 


e enlightened, that «way, which is of all the 
moſt eaſy ; and this is firſt to be determined in 
reipect to plane ſurfaces, and then to be accom- 
modated to concave and convex ſurfaces, by 


conhdering the planes that are tangents to thele 
Aurtaces, 


dire ray proceeds from the point C to the point 
to be — E. by the ſhorteft dir: way 3 
the ſame medium continuing all along, that is, in 
the right line CE. 

415. © In catoptricks the angle of incidence CEA 
and of reflection DEB are equal. Let C be the ra- 
diating point, D the point to be illuſtrated, and 
AB a plane ſpeculum; it is required to find 
in the lum the point E that reflects the 


ray to D. I ſay it ſhall be ſuch a point, that the 
— rogreſs, way or journey of the ray 
CE—+ED may be the leaſt or ſhorteſt that is 


poſlible ; or leſs than C F+ FD 1 F 
any other point of the ſpeculum. And this ſhall 
be obtained, if E be taken ſuch, that the angles, 
CEA. DEB may be equal, as is manifeſt from 
geometry. For produce DE to the point Z 
in the circumference CDZ whoſe center is E, 
and join FZ; then the arch 4Z= (DB=} 
AC; an&FZ=FC ;- therefore CE + ED 


(=D Z) is leſs than CFF or Z F+FD®. Euel. L 
16. © In dioptricks the fines CI and GK 20. 


8 the angles of incidence and refraction. CE Lad 
EK, are to each other reciprocally as the re- 
fitances of the mediums, Let IE be air and EX 

Mater 


- 


* 
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water or glaſs, more denſe than air, C a ra- other two caſes is very plain; and alſo that 
diating point in air, G the- point to be illu- three of the courſes of the rays are unequal ; 
ſtrated within the glaſs. It is required by what becauſe they all > 5.0 ame. towards equality as 
way or path the point C ſhall radiate to G, or the points & and H approach to C; and become 
it is required to determine, in the ſurface of moſt unequal when G and H approach neareſt 
glaſs 4B, the point E which refracting the to E and F. | 
26x ray that comes from C ſends it to G. Here 420. As to the dioptrical demonſtration, Fig, 219, 
the point E muſt be taken ſuch that the way where Mr. L. ſays „ the difficulty of the way 
which the ray takes may be of all ways the from Cto E ſhall be as the rectangle under 
eafieft. But now in different mediums the dif- CE and the aſſumed reſiſtance , his notions 
ficulties of the way or progreſs are in a ratio of difficulty and reſiſtance are not eaſy to be un- 
compounded of the length of the way and of derſtood. In all known caſes the motion of a 
the reſiſtance of the mediums. Let the right body and the reſiſtance it ſuffers do conſtantl 
line I repreſent the reſiſtance that light finds in decreaſe together, action and reaction bein »4 
its paſſage through air, and # the reſiſtance of ways equal; and therefore the difficulty of the 
its paſſage through glaſs ; the difficulty of the way fromC to E can ſcarce be rightly expreſſed 
ay from C to E ſhall be as the rectangle CE by the rectangle under CE and a conſtant re- 
— m, and from E to G as the rectangle under ance m. But be the difficulty and reſiſt- 
EG and a. Therefore that the difficulty of the ance what you pleaſe, no doubt of it, both of 
whole way CE G may be the leaſt poſſible, the them muſt be nothing at all in vacue; and 
ſum of the reftanglesCE x m—+ EG x z ought to therefore the eaſieſt way for a ray to paſs from 
be the leaſt of all poſſible, or leſs than CF x m a given point in any reſiſting medium into a 
— FG * n ſuppoſing any other point F taken be- vacuum, is to go in the perpendicular to the 
ſides E. The point E is now required.“ So far refrating ſurface, as being the ſhorteſt way 
Mr. Leibnitz. through any difficulty or reſiſtance whatever ; 
417. Then by arguing mathematically he mow __ 1 3 = v7 ng 
finds the point E will be ſo fituated, that CI the | farther diffculty: aud on the o« 
| fine of incidence in air, will be to GX the fine in oY ET OP ine ON OG N 
of refraction into glaſs, as to #, that is in . turning back from the vacuum Into 
the aſſumed ratio of the reſiſtance in glaſs to the denſe medium, it muſt take the ſhorteſt courſe 
reſiſtance in air through the ſame perpendicular as before: and 
. EY n thus when the ſun ſhines upon the atmoſphere 
418. This is Mr. Leibnitz's theory, who tells 11 his rays ſhould be refracted into lines 
us farther that the catoptrical demonſtration tending to the earth's center as being the ſhort- 
abovementioned was inſiſted upon by Ptolemy eg and eaſieſt way through the atmoſphere ; 


and other ancients, and is ſtill extant in Helio- ſhould | 
' dorus Larifſeus and elſewhere. But had he pro- . Emme. 


f heads in all places and at all times. But it is no 

. cceded the leaſt ſtep farther than they did, to ac- wonder that — conſeqnences ſhould follow 

commodate this principle to concave and convex from an arbitrary hypotheſis. I will only obſerve 

— — * 2 — ao lager; farther, that all other Theories for ſolving the 
n 5 . „ - * 

5 — a ray. takes ſeveral other oouries from one reflection and refraction of light, except Sir 


- Tſaac Newton's, do alſo ſuppoſe that it ſtrikes 
point to another beſides the ſhorteſt. upon bodies and is reſiſted by them ; which yet 


Fig. 128. 419 For example let AE BF be a great cir- has never been proved by any deduction from 
cle of a concave ſphere or ſpeculum whoſe dia- experience. On the contrary it appears by Art. 
meter is AB and center C; produce the radius 183, &c. and might be ſhewn by Mr. Molyneux's 
CB to any point D, and let CD be the diame- and Profeſſor Bradley's obſervations upon the 

ter of any other circle CE D F cutting the for- - parallax of the fixt ſtars “, that their rays are * phil. 

mer circle in E and F; and in the arches CE, not at all impelled by the rapid motion of the Tranſ. N, 

CF let & and H be any two points equidiſtant earth's atmoſphere, nor by the object-glaſs of 40. 
from C; I ſax that rays flowing from G will the _— through which they paſs. And by 
be reflected to H from every one of the four Sir aac Newton's theory of refraction, which 
points A, E, B, F; and conſequently three of is grounded upon experience only, it appears 
their courſes will be of different lengths. For that light is ſo far from being reliſted and re- 
joining EG, EC, EH, the angles of incidence tarded by refraction into any denſe medium, that 
and reflection CEG, CEH will be equal, be- it is ſwifter here than in vacuo in the ratio of the 
cauſe they ſtand upon equal arches CG, CH of fine of incidence in vacuo to the ine of refraction 


** Eucl. I. the circumference E GH. The reaſon of the into the denſe medium; and on the contrary “. 3 
45 ocip. 
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zeometti- 
con; 
Huctions 
$01 finding 
the focus 
of tefledled 
Bays, 
li, 119, 
120. 


®Eucl. VI. 


contained in the four firſt chap- 
ters of this Book, and are taken 


roy from Sir 1/aac Newton and partly from 
r. 


Huygens >. But as Sir Iſaac has given us no 
demonſtrations at all, and as thoſe by Mr. Hey: 
Y 


gens are generally very tedious and intricate, 


reaſon of too many compoſitions and reſolu- 

tions of ratio's, I was therefore obliged to con- 

trive others in a ſhorter and eaſier way. Now 

though the proportions expreſſed in theſe pro- 

poſitions and their corollaries, are the beſt rules 
tor determining the place of a focus to the ut- 

moſt exactneſs, it will yet be of ſome uſe to do 

the ſame thing by geometrical Conſtructions, 
that is, by drawing lines only, and laſtly by a 

general algebraick Theorem or two comprehend- 
ing the whole of theſe Elements. For as to the 
method uſed by ſome authors, of computing the 
pay of a focus by trigonometry, it 1s not on- 

y the leaſt ſcientifick, but of 

unleſs to determine the courſe of a ray when the 


angles of incidence are very great. But for this 1 
em. 3 and 4 Book 2... 


have given ſome rules in 


Upon AR r. 207. 


422. The focus 2 of incident rays being 


given, their focus after reflection from a. ſphe- 
rical ſurface C, whoſe center is E, may be 
found by this conſtruction. Through the given 
points 2 and E draw a line QE cutting the 
concave or convex ſurface in C, then biſect its 


radius CE in 7, and at the points T, C ere the 


per pendiculars TG, C H, cutting any line drawn 
through Q in the points G, H; join the points 
G, E and draw a line Hg bak to the line 
GE, and it will cut the axis QE in g the focus 
of the reflected rays. 

423. For the triangles 726, C2 H being: 
equiangular, and alſo G2 EF and H2q; we 
have 7 2: TE or C (:: G H):: EA: EH; 
and digjointly we have TN: TE: : TE Tg, 
the ſame proportion as was proved in the Arti- 
cle it ſelf. 

424. But this next conſtruction is till ſim- 
pler. In a perpendicular IE K to the axis 


leaſt uſe too; 
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on Chapter 1. 2. 3. 4. Containing the Geometrical Elements of Opticks. 


1. HE elementary propoſitions for 
* finding focuſs's and images, are 


DEC, take any two points J, X equidiſtant 
from E, and draw I cutting the perpendicu- 
lar CH in H; then draw the line KH and it 


will cut the axis in the focus g. 


425. For let the perpendicular TG cut 27 
in G and join G, E; then ſince TC=TE, we 
have GHS GI“; and conſequently, ſince we *® Eucl.VL 
took EK EI. we have KH parallel to E G“, 2. 


as in the foregoing conſtruction. 
426. Hence when the focus Q is infinitely Hg. 12. 
remote, the line IH is parallel to E C, and con- 
ſequently the focus q coincides with T. 
Upon Ax r. 211. 


427. For a proof of this Article ſee the Re 
marks upon Art. 339. 


Upon AR r. 216. 


428. The determination of the conick ſections 
which I promiſed in this article may be ſeen 
with ſome other determinations in the 
upon Art. 246. 


Upon Azr. 236. 


429. In order to make the ſolution of this 
ET ſerve for a ſingle ſurface as well as 
or a lens and a ſphere, I forgot to alter — of 
it in the following manner. In the 4th line of 
the Roman print read thus; then taking Ef e- 
qual to EF in the lens or ſphere, but equal to 
CFin the ſingle ſurface ; ſay as &c. And in the 
gth line read thus. For with the center E and 

ſemidiameters E F and Ef deſcribe &c. 


Upon Ax r. 239. 


430. The focus 
given, the focus of the refracted rays through cal con- 


a ſphere or a thin lens, whoſe center is E, may ſtructions 
be found in this manner. At the principal focus for finding 


F of rays that came parallel to the axis Q, the the focus 


contrary way to the incident ones that belong a4 
to and alſo at the center E, erect 
pu iculars FG, EI to the axis, cutting any ſphere ot 
ine drawn through Q, in G and I reſpectively. lens. 

Join E, G and the line 1% drawn parallel to it, Ns. 


rays. For the triangles C, EI being equi- 
angular 


2 of incident rays being Geoiflent-. 


of rays te- 


the per- through a ' 


a- 
will cut the axis in the focus 3 of the refracted 1244 
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72 
| angular, and alſo GE, © Tg, we have F: 
Eucl. vi. DE:: (2G: 21“: 2 : 2g *, the ſame 
4+ proportion as was proved in the article it ſelf. 
And rhro” . 
1. The focus g of rays refracted through 3 
2 * encle ſpherical — C al be found by erect- 
Fig. 224. ing one of the perpendiculars FG at its princi- 
| pal focus of rays that came parallel to QE, the 
contrary Way to thoſe that belong to 2, and 
the other perpendicular C H at its vertex C, 
cutting any line 2G in H, and by joining G 
»* Fact, VI. ©» and drawing Hq parallel to it. For we have 
4. 2F:92C::(9G: e the 
ſame proportion as was proved in Art. 238. 
432. Or the focus may be found by this 
ruction. Let the perpendiculars CH, ET 
cut any line drawn through Qin H and 7, and 
in EI take EK to EI as the ine of incidence 
to the fine of refraction of any ray belonging 
to 2 the focus of incident rays. And the line 
H X produced will cut the axis in the focus 9 
of the refracted rays. For ſince ERK: ET:.: (as 
; the ſine of refraction, to the fine of incidence, 
* Art. 224+ thatis, :: FC: FE“: :) GH: GI“; it follows 
** Eucl. VI. that the line HK is parallel to the baſe GE of 


* the triangle 16 E, as it ought to be by the 
foregoing conſtruction. 

And thro 433. Hence having Q the focus of incident rays, 

any WO we may find their focus x after refraction through 

. any two ſurfaces whoſe vertex's are C and c and 


centers E and e. For having made the forego- 
ing conſtruction for the firſt ſurface C, let 
& H cut the perpendicular at c in h, and the 
ndicular at e in i, in which taking e to et 
as EI to EX and drawing 45, it will cut the 
axis Ce produced in the focus x. For this ſecond 
operation is only a repetition of the firſt, be- 
cauſe q is the focus 'of incident rays upon the 
ſecond ſurface c. But in practice it is eaſier to 
| determine the point & by a line drawn through 
Led. Opt. the points 9, J. Dr. Barrow tells us“ that this 
3 conſtruction was communicated to him by his 
d friend Mr. Jſaac Newton, to whom he ſoon 
oy after reſigned his Mathematical Profeſſorſhip in 
1669. 
Upon AR r. 246. 


. 434. Other things remainin gas in Art. 215, 
rp "aol now let the object P 2 be a ſtraight line per- 
images by Pendicular to QE, and let Q produced cut 
ref the 8 2 


FAnaccurate 


_ reflegions reflecting circle CA continued round in y 
from a oppoſite to C, and the circle TS continued 
22 round in 2 oppoſite to 7; and let the incident 

face. rays which diverge from or converge towards 
3 is- 126. ©, belong to the focus 2 after reflection from 
$0 129+ the neareſt points toy; and according as the 


perpendicular E © is longer or ſhorter than ET, 

with the Focus E and tranſverſe axis gs let an 

ellipſis or an h —_ _ be deſeri and 
E 


Kt it cut any li produced in 5 and . 


REMARKS UPON AR T. 246. 
and the refle&ing circle in 4 and « ; then the 


" BOOR 2; 


-comick arch 4. will be the image of the object 
P 2, form Le s refleted from the arch 
40; and the nick arch * the image of the 

ſame object PQ, formed by rays reflected from 

the oppoſite arch «y: and the whole conick 


ſection will be the image of the infinite line 


1 formed by reflections from the whole 
e 


Circle. 

435. When the perpendicular E 2 is equal 
to 25 , the ellipſis or the — - will be 
changed into a parabola, whoſe focus is E and 
whoſe vertex is x ; and when E is increaſed 
to infinity, the ellipſis will coincide with the 
circle whoſe diameter is T or x which is 
the parameter of all the curves. 

436. Thoſe that are converſant in the analy- 
fis of geometrick Places may ſoon be ſatisfied of 
the truth of theſe conſtruftions and of all that 
follow, by ſuppoſing a focus of incident rays P 
to move along the line P, and by ſeeking 
the geometrick 2 deſeribed by its conjugate 
focus p, while the line PE is revolving about 
the center E or they may ſee a demonſtration 
of the like conſtructions of moſt of theſe caſes 
in the 17th and 18th of Dr. Barrow's Optick 
Lectures, who firſt diſcovered this remarkable 
figure of the image of a ſtraight line. 

437- Other things remaining as in Art. 245, 


And by K 


now let the object PQ be a ſtraight line per- fractions, 


pendicular to a line 2 Eq drawn through E 
the center of a refracting ae and let g be 
the focus of a ſlender pencil of rays which be- 
fore their refractions through the ſphere di- 
verged from and x the focus of another pen- 
cil of rays which before their refractions through 
the ſphere converged towards © ; and accord- 
ing as the perpendicular E Q is longer or ſhorter 
than E F, the focal diſtance of the ſphere, with 
the focus E and tranſverſe axis q* let an ellipſis 
or an hyperbola 4 * be deſcribed, and let it 
cut any line BP produced in p and w# 3 and 
the conick arch pq will be the image of the ob- 
ject PD, formed by rays diverging from P © 3 
and the oppoſite conick arch r the image of 
the fame P © formed by rays converging to- 
wards P Q; and the whole conick ſection will 
be the image of the infinite line QP 2Z. 

438. When the perpendicular E. & is equal to 
EF, the ellipſis will be changed into a parabola, 

- Whoſe focus is E and whoſe vertex is * 3 
when ES. is increaſed to infinity, the ellipſis 
will coincide with the circle whoſe diameter is 
FF or x Which is the parameter of all the 
curves. 

. 439. Hence when the angle PEQ, which 
a ſtraight object ſubtends at the center of a thin 
lens, is but ſmall, the image of it coincides 
very nearly with the arch of a conick ſection, 
determinable in the ſame manner as for v9 


Fig. 130, 
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Becauſe the relation of the conjugate focus's 
9, q is given by the very ſame proportion in 
both caſes 


440. Now let the rays that diverge from Q. 


be but once refracted through a ſpherical ſurface 
AC, and then belong to the focus q ; and ſup- 
poſing this ſurface continued round till it cuts 
the axis again in c, let other rays which con- 
verge towards &, be refracted at c only, and 
then belong to the focus x; and according as 
E © is longer or ſhorter than E F, with the fo- 
cus E and tranſverſe axis 9 let an ellipfis or 
an hyperbola qp* be deſcribed, and let it cut 
any line P E produced in p; and the conick 
arch pq will be the image of the perpendicular 
PS, 1 — by rays diverging from it and once 
refracted at the arch 4C. p 

441. When E Dis equal to EF the ellipſis 
will become a parabola whoſe focus is E and 
vertex x3 and when EF © is infinite the ellipſis 
will coincide with the circle whoſe diameter 
is 2 EF or FÞ or ; which is alſo the pa- 
rameter of all the curves. 


PrxorosIlTION I. 
Hawing the focus of rays falling almaſs perpen- 
AS a given Aberical ſurface, to find 
their focus after refractiont. 


442+ Let OT be the given ſurface whoſe cen- 
ter is 8, and in any radius OS roduced let 


be the given forus of the incident rays as 


DT; it is required to find the focus q of the 
refracted rays. Call OS, Ov, Og reſpectively 


8, BU ; and let the given ratio of the fines of 


refraction be m to , and let m be bigger than . 
Then joining SJ, fince very ſmall angles are 
very nearly proportionable to their fines, we 
have the ang. OSI: ang, S I;: Q. 5 
and the ang. S I; ang. S Jg:: u. And by 
compounding proportions we have the 
ang. OSI: ang. S 1g:: "I; nD—ns; and 
disjointly we have the ang. OS 1: ang. Sq7®, 


that is, :S“: : 10, m—n, ©» nS. Whence 
(putting 8= -) we have this firſt Theorem, 
m 
128 on TN 
= — , 
3. This is the value of in the given caſe 
where the lines O2, OS, O q lye all on the ſame 


fide of the ſurface O7; and thence the theo- 
rem for q may be eaſily adapted to any other 
given caſe, by conſidering OD as being always 
affirmative, and by changing the ſine of & when 
OS and OD lye on contrary ſides of their ori- 
gin O; and by changing the ſign of 8 when the 
fine of incidence is leſs than the fine of refrac- 


tion ; and laſtly by placing Og the contrary 
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way to O | 
gative by the theorem ſo changed. 

444- Corel. 1. When the line S becomes infinite 
ly great, the ſurface O 7 will become a plane; and 


then we have g = __ 2, (becauſe, in the theorem, 


when the value of g comes out ne- 


the linũt of the variable ratio of — 9 to Q,— 


—gis m to n.) Therefore qO: O:: : 


that is, as the fine of incidence, to the fine of re- 
fraction ; which is the rule in Art. 223. 

445+ Corel. 2. When the line © is infinite, let 
the point g come to :; and then the line g or : 


=— S, (becauſe, in the theorem, the variable 


ratio of L 2+ - S becomes a ratio of e- 
quality.) Alſo when 9 is infinite and conſe- 


quently 27 S s, let the point Q Rem. 
come round to 7; then the line — & or * 


==8, But 57-5 8. And ſo 


the continuations $7, OT of SO to the principal 
focus's t, T are equal to each other; and are ſe- 
verally in proportion to $O, as = to 0 or 
—7; Which is the rule in Art. 224. 

446. Carol. 3. In the theorem ſubſtitute T 
and t for their values juſt now found, and we 


1 '2, 
—+T—t —8 
= ST 2) 2 Therefore the 
line I ; 2O :: S: 2g, which is the rule 
in Art. 239. 
447. Corel, 4. In the Theorem ſubſtitute — m 
for u, v conſequently 2 m for 8, and we have 
4 |; 
12 2 z which theorem gives the ſocus 
- 


of rays reflected from the ſpherical ſurface OJ. 
For the calculation continues the ſame whether 
the ray goes forwards or backwards in the line 
14; and to change the angle of refraction 87 
into an angle of reflection, it (and its fine ) 9 
be diminiſhed to nothing and then become ne- 
gative and equal to ( m the fine of) the angle 
of incidence & 12. 

448. Corel. 5. Hence when $ becomes infi- 
nite, the ſurface O 7 will become a plane ; and 
then we have q=—2 ; which is the rule in 
Art. 202. 

449. Corel. 6. When © is infinite let the 
point g come to 7; then the line q or 7 


=> 8, which is the rule in Art. 205. 


450. Corel. 7. In the theorem of corol. 4. 
ana T for its value found in the laſt corol. 


and 


Theorem 
for reflett- 
ed rays. 
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T 72 


FT : 
—T= = that is, T2, FS, Ty are conti- 
nual proportionals ; Which is the rule in Art. 
207. 
ProposrtTIon II. 

Having the focus of rays falling almoſt perpen. 
dicularly upon a given lens, to find their focus af. 
ter refractions. 

451. Let OIZoe be the given lens, whoſe 
vertex's are O and o; R the center of the firſt 
i *ceOL; x the center of the ſecond E; P 
the given focus' of 3 —5 — K axis 
Or R (produced, ) and þ the focus of the emer- 
gent . required. Let z be their focus after the 
firſt re fraction at the ſurſace OF, and tua the 
ratio of the fines as above, and call Qs, or, O R, 
OP, op reſpectively o, r, R, P, p. Then for 
2. §, n, u, ( in Theorem 17, write P, R, u, n,0, 

- mM : | 
and we have OT SF to which adding 


| mPR-+PonRo 
Oo 0x9, wehaveazorr= au } jd In 
Again, for Q, S, u, 2, d in Theorem 1 „ write 


r 
T, 7, #, , — 0; and we have þ=_—J e ,. 


452. This theorem for a meniſcus lens, hav- 
ing its concave ſurface expoſed to P, is eaſi- 
ly adapted to a lens of any given form, by con- 
ceiving one or both its ſemidiameters OR, or 
to decreaſe or to. increaſe or to become infi- 
nite and then negative, till the meniſcus ac- 
quires the form of the given lens; and by 
changing the ſign of R or r when the ſemidia- 
meters lye on oppoſite ſides of their ſurfaces O. o 
to the focus P; and laſtly. by placing p on the 
oppolite fide of o to P, when its value in the 
theorem ſo changed comes out negative. 


453- Thus by writing e (which ſignifies infinite) 


for R, this theorem is eaſily adapted to a plano- 


eonvex lens, having its firſt ſurface plane; and 


dy writing — R for R it is adapted to a double 


eonvex lens; and by writing R for R and o 
for r, it is adapted to a plano- convex lens whoſe 
firſt ſurface is conyex ; and by writing —R for 
R, and — 7 for r, and 0+ 7 for Rit is adapted 
to a lens of concentrick ſurfaces, whoſe firſt ſur- 
face is convex: and by writing R +0 for r, it 
is adapted to a lens of concentrick ſurfaces whoſe 
firſt ſurface is concave ;_ and by Writing o for - 
it is adapted to a plano-concave lens whoſe firſt 
furface is concave; and by writing — r for r, 
it is adapted to a doyble concaye 3 and by wri- 


þ = 


BOOK 2. 
ting oo for R and —» for r, it is adapted to a. 
lano-concave whoſe firſt ſurface is plane; and 
ſtly it is adapted to a ſpbere whoſe ſemidia- 
meter is N and diameter Oo, by writing — R 
for R. and R for , and 2 R for o; and by ſub- 
ſtituting given numbers for the ratio of refrac- 
tion, the bigger for M and the leſſer for , it is 
adapted to lens's of any given ſubſtances. 


454+ If all che quantities in the theorem be 
given in magnitude and poſition except one, 
this one, whatever it be, may be found by the 
known rules of algebraick reductions. And thus 
alio the ratio of the fines of incidence and re- 
fration may be found, by ſubſtituting an unite 
either for # or for m, and by ſecking the value 
of the other, I think the firſt ral theorem 
of this kind was publiſhed by 


455. Corel. 1. Since the taickneſs of a lens 
for moſt optical uſes is generally but ſmall in 
eompariſon to the ſemidiameters of its ſurfaces ; 
and fince the accuracy of this theorem depends 
on the ſmalneſs of the angles of incidence and 
refraction, that is, ceteris 4 on the ſmal- 
neſs of the breadth and conſequently of the thick- 
** tg lens ; — theorem will ill be ſuf- 

ciently accurate though we reject all its terms 
multipyed by e, as — ſmall in com- 
pariſon to reſt ; which, being all divided 
firſt by a and then by 3 will give 


zPRr 


1— 01 „R... Rn Rr 


456. Coral. 2. When the line 5 is infinite, 
let the point P come to F; then the line P or 
F 7 * =: Ni the line P is 
infinite, let the point y come round to f;; then the 
line —p orf * = This will appear 


by the reaſons given in Rem. 444, 445+ There- 
fore the focal diſtances O F, of are equal; and 


Nr For f; which is the rule in 


Art. 232, becauſe R is the Continuation of R 


mentioned in that article. | 
457- Corel. 3. In the theorem of corol. v. 
ſubſtitute F for its value found in corol. 2. and 
— FP FP 


P 
Ep — | ; therefore the lines P F. 


PO, Pp ars, continual proportionals, in 


T. Haley and * Phil. 
looked upon as a notable inſtance of the great uſe 2 N. 
and comprehenſiveneſs of algebraick Theorem. 


= — 
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the firſt and third tend the ſame way from P; 


have ra = (+ R+ Rx =)rx very nearly, by 
which is the rule in Art. 239. reaſon of the ſmalneſs of the angle R and 


FP conſequently ow = E « very nearly, and there- 
458. Corel. 4. Hence puf= , pe F= roomy Pre hes tent * 

FF 5 | 461. Corel. 7. Therefore a ſmall object P 2 images de- 
F 5 therefore PF: FO: : : fp; which 9 to the axis of any lens, will alſo termined. 
is the rule in Art. 236. r * nearly perpendicular to 
Focus of n 49. Corel. 5. If 2 the focus of incident rays 462. Corel. 8. Hence the ſmall object P 
oblique be — at any ſmall diſtance from either fide will be to its image pq, in the given ratio 0 

of the axis of a lens of any thickneſs, the focus 9 FB, + to 6 Scar, R very nearly. For 

Fig. 138, we bar I = - —_— 8 joining 5. che figures 7 RA. R will be 
I ̃ ſarkice 2 and the VN ˖— ⏑ o¹̃ M0 allo the igurea mes, | 
ter the firſt 22 — be ” ſome pr g. And fince we had or =, and PT 3 

int of it. Again through = and 1 drawing =P 1 ny 
2 perpendicular to the ſecond ſurfice, the 705 oh af! 7 me" have PT: reg 
focus q after the ſecond refrattion will be in , goto, 
ſome point 6f this pe icular. And thus the 4 ; 
* focus's a and 7 might be found by the of=— ſince ? will be the focus of parallel 


theorem in Rem, 442. rays, after refraction at oB only, that come the 


contrafy way to thoſe which we may ſuppoſe to 

2 Corel. 6. But ſuppoſing two focus's ? converge towards p, we have alſo pt: po :: pr 
2 to be at equal diſtances from the firſt : p, and Kisjoin ly of: t:: (r: pr: wa Nen. 

ſurface, their conjugate focus's p and g will be : f. And by compounding theſe two propor- ,. 
at other equal diſtances from the ſecond ſur- tions we have P: pqi:(PT x to:petx TO 
face very nearly, provided the interval be- 7 A - 4 
tween 's * or rather the an- :: PA RN R ::) 
gle P RA, be very ſmall. For ſince we ſuppoſe E- ; + i 8 
O PSA, we have Ow =I and conſequent- 


eq FE,: Ip tr, R. Here I concluds 
ly Rax=Rx; and by adding Rr to both, we the algebraic Elements of Opticks. 


Upon Chapter 5. Appearances through any number of lenſes &c. 


Upon Ax r. 256. 
463. Line 16. Hence it is edfy to collec? c. 
N | 
a 
Jar GT. | | 
JA+ABxb "O04, a—OA +a AB a ee Fan 
= — — — —— ——— — 
* SA+AB—+b ” 04, a+OA4-+@a, AB BY, - oem Ye m for mormeß. 
** 
gc, e 8 'nb-mBC,e x 
Co Eye eee 
—_—— 6 1 


— EE mamas 
* 


k 2 | Fat 
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But we had | 

| AB "4 

Ou S O4 x 1 * 1 W x 0 +74; * &c, in the preſent article. 

" Therefore : : N 
2 044 OA +a ” 

OH or Düne 149 18B=04-+ AB = — ; 

On“ or Oy=ONL x r 4=— x 14 * 1 * 6 BC. 
F4 420 a 2 4 nb. a ab 


T I. 


rer ,. .. 
| hC a a 


#4 480 


_n6 4+mBC 72211 nb x BC nb+mBC—+mc_ 


vg ab 


* e - 3 CP 


”: mm m ”: 
* e ee 


1— 


Reſtore the values of m and , then 


0 =04 = —+—4B=OB += 


Oy ro 


0c 2 OBC OABC 
F 1 


OAC OBC OABC 


oa jm. \OA,BC OA, AB, BC AB, BC OA. BC 


Ong ab Ol 


> 44 


+ 302 


| — 3 „ | 
O ο c + -- 5 +(5 c2+Z624+—BCP=) Ec. 


Upon AR r. 270. 


464. The diſtance Oh is here ſuppoſed to be 
finite in compariſon to O and YP. For if 
Ch was not finite, the ratio of the angles 4 © r, 
C ht could not be finite. This and the follow- 
ing article may be. demonſtrated ſeveral. other 
ways, Which for ſhortneſs I omit. 


After Ax r. 280. | N 
465. That noble and beautiful theorem in 


Art. 249, from which I deduced all theſe. co- 


rollaries, was the laſt invention of that great 
Mathematician Mr. Cotes, juſt before his death 
at the age of 32: upon which occaſion I am told 
Sir Jſaac Newton ſaid, if Mr. CorEs had lived 
ave might have known ſomething. His demon- 
ration of it is likewiſe ſo elegant and clear, 
that it highly deſerved to have followed the 
theorem it ſelf. But fince the method of it can- 
not eaſily be extended to the like general Theo- 
rems which I have given in the next propoſi- 
tions, for the ſake of uniformity I was obliged 
to ſubſtitute another in its ſtead, and to give 
Mr. Cotes's by it ſelf, as follows. Where the 


ab 


reader need only obſerve, that what he calls 


the apparent place of the object, is only the 
real place of its laſt image, according to the re- 
ceived opinion and language of - Opticians at 
that time. — . 
 PrxorosITION. 

« 466. To find the apparent magnitude, fitua- 
tion, apparent place and degree diſtinctneſi with 
which an obje& is ſeen through any number of 
glaſſes of ay fort,” at any diftances from each other 
and from the eye and object. 

467. Let P M be an object viewed by the 


eye at O through any number of glaſſes at 4, B, C Figs 15. 


whoſe focal diſtances are the lines a, ö, c. The 
diſtance OP may be conſidered as divided by 
the glaſſes A, B, C into two parts ſach as PA. 
AO; PB, BO; PC, CO; or into three 4 
ſuch as PA, AB, BO; PA, AC, CO; PB, 
BC, CO; or into four parts ſuch as PA. A B, 
BC, CO; and ſo on as far as the number of 
glaſſes permits. All the. ſeveral products of ſuch 
correſponding parts applyed reſpectively to the 
focal diſtance, or to the product of the —_— 

« ances 


W 
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ſtances of the glaſſes which are placed at the 2 PQM to the angle POM®, or as the * Att. 108, 
int or points of diviſion, will give ſo many diſtance P © to the diſtance P. Let us at firſt * Art. 212. 

Feral lines, which muſt be looked upon as ſuppoſe all the glaſſes to be concaves. The di- 

negative if there be an odd number of convex Hance Pa will be to PA, as the angle PAM 

glaſſes at the points of diviſion, otherwiſe as af- to the. angle PQM, or as «Ar to yOr, or in 

firmative. Let P a be the ſum of PO and thoſe the compounded ratio of Ar to a Br, 6B, to 

ſeveral lines according to their ſigns, and let 58 C, Cf to y Ot, that is in the compounded: 

PQ and PO lye the ſame way if the ſum be ratio ofs4—+ AB to«4®,8B+BC to 8B, * Art, 21 

atfrmative, but 33 ways if the ſum be ne- yC CO to C. Therefore P PA 

gative, and Q will be the point at which the na- 4 AB BB+BC' 4C+CO | 

ked eye being placed ſhall ſee the object under r 70 & 

the ſame magnitude with which it appears by which theorem the diſtance PQ is given ſo 

through all the glaſſes the eye being at O, and ſoon as «4, 8B, y C, can be found. Theſe may 


therefore the apparent magnitude of the object P * a 
Act. 100. will bear the ſame proportion to the true ® mag- be found by Art. 239 as follows, «x 4= Far 
3 diſtance P O bears to the diſtance 4 er DE n 
468. The apparent ſituation of the object is BD =I. ' 


alſo determined by the rays a. For if a and © Whence it is eaſy to conclude ® that if the eye * As in 
be placed on the ſame fide of the object, it will at B views the object P M un glaſs at Rem. 463. 
appear erect, otherwiſe inverted. "IS. ; 
9 Imagine now the eye to be removed 4, Pa will be equal to PB+—— 3 that if 
from O to C, ſo that its diſtance from the laſt the eye at C views the object P M through tro 
glaſs may vaniſh, at the ſame time the point N glaſſes 4 and B, PQ will be equal to PC 
will move to another place , which may be PAC PBC PARC ; 
found as above. Let Oy bear the ſame c e that if the eye 
tion to OC which NP bears to Nw, and let the : . 
order of the points O, C, y be the ſame as the at O views the olyect F Af through three pou 
order - by 2 3 __ _ ww — A, B and C, Þ Q will be equal to PO + or 
apparent place of the o v at . 
all the zur:? „ eo. PABO PACO 
4709. And from the ſituation of this point y c ab 8 
a 2 may be formed of the degree of PBC O PABCO 
diſtinetneſs with which the object appears. For 7 232 ; and fo forwards conti- 
the rays flowing from the point F, by paſſing nually as the ſolution of the problem directs- 
through the glaſſes, are diſpoſed to fall upon the Now if any of the glaſſes be convex, the focal 
eye in the ſame manner, as it the glaſſes being qigances of ſuch glaſſes mult be looked upon as 
removed they. tended from the point when negative, fince they are contrary to thoſe of con- 
it is before the eye, or towards the point y when cave glafſes ®. and therefore the terms which * An, 230 
it is behind the eye, involve an odd number of convex: glaſſes at the 


Demon» 471. For let ar be the firſt image of the object points of diviſion muſt be taken as negative. 
n. made by the glaſs 4 ; 8s its ſecond image made ©. E. D. 19. | 
8. 140, by the glaſs B; tr its third image made by the 472. The point M is ſeen immediately 
glaſs C. It is evident that the object P M and through the glaſſes by the ray 2O, which enters 
» Ar its image ar will be - terminated by the ſame. the eye at O in a direction parallel to Ma by 
ines PA, MAr“; that the image ar and its conſtruction. If therefore Q falls on the ſame 
image 6 will be terminated by the ſame lines fide of the object as O, the ray 20 muſt ad- 
I, B,; that the image 3, and its image vance towards the eye from the ſame fide of 
yt will be terminated by the ſame lines g C, the common axis OP as the point M. and con- 
Ct. Now if the eye be placed at O and y: be ſequently the object will appear through the 
the laſt image, it is manifeſt that the object ſeen glaſſes erect. But if N falls on the contrary fide - 
through all the glaſſes will appear under the of the object to the point O, the ray ? O which 
a ſame angle which is really ſubtended by the advances towards the eye in a direction paral-. 
Art, 105. image y#*. Draw therefore MN parallel to lelto NM, muſt appear to come from the con- 
0 making the angle P M equal toy Or, and trary ſide of the axis to the point M, and con- 
the naked eye being placed at Q ſhall ſee the ſequently the object will appear through the 
object P M under ſame magnitude with glaſſes inverted. 2. E. D. 29, 
which it appears through all the glaſſes, the eye 73. By conſtruction: the lines Ma, Ms, 
being at O. And conſequently the apparent mag- MP, Pa are reſpectively parallel to the lines 
nitude ſhall be to the true magnitude, as the 70, C, t, O and therefore the figure Ma-? 


12. . 4 


MOR e 


is ſimilar to the figure OC v. Hence it follows 


eye, or the diſtance of the apparent place of the 
ject from the eye, is to O Cas Q is to Nw; 
and that the order of the points O, C, y will be 
the ſame as the order of the points Q, , P. 
AD. „. 


the point P, the 0 which flow from P, after 
they have paſſed through all the glaſſes, will 


So far Mr. Cotes. 


Upon Ax r. 339. 


6. Hence ſuppoſing the denſity of the re- 
ge ted rays in 2 of aberrations to be 
uniform, it is to the denſity of the incident 
rays fallin r upon a plane AP, 
ie. 382, as the whole ſurface of the ſphere of which the 
Plate 30. ſpeculum is a portion, to the area of a circle 

whoſe diameter is the verſed fine P C of the 

ſmall arch 4 C very nearly, and the more ex- 

actly as this arch is ſmaller ; ſuppoſing alſo that 

all the nomad rays are reflected 3 
For ſince the v me rays paſs throug 

. —— deſcribed ra lns Ai P and XY 

turned about E C; their denſities in theſe cir- 

cles are reciprocally as. the circles. themſelves ; 

that is, the — of the reflected rays, is to 

zucl xn. the denſity of the incident rays, as I to AN 
-q or r FG. or 

Att. 339. 7 FY 


The denſi- 
ty of rays 
An the focus 


0 ; « 
Ter 3 that is, put 


A. ting D-for 2C E, 25 40. t 4 P.; that is, as 
4D*. to PG, (becauſe D. AP, P C are very 
nearly continual proportionals ;) that is, as 
3. Cor, he ara aß great circles of the ſphere, or the 
»* Achim. Whole ſurſace of the ſphere *, to the area of a 
de Sph. & Circle whoſe diameter is P C very nearly. 

Cyl. 478. Therefore the greateſt denſity of the re- 
flected rays is at the F, conſidered as a 
phyſical point; and is immenſely greater than 
the denſity of the incident rays. For the propo- 
ſition above becomes. geometrically exact when 


=*-Evel: vi. 


its limit at F; and the denſity. at F is always 


| Upon Chapter 7. Of the magnifying powers of Teleſcopes &e.. 


Upon Ax r. 364, 365. 


382+ When I'printed this Table of the-mag- 


nify ing powers of reſractiug teleſcopes from Mr. 
Huggens's „ A I was not aware of its be- 
ing calculated by the Editors of that work ; who 
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that Oy the diſtance of the laſt image from the 


474. The point being the laſt image of 


flow from or towards the point y. Q. E. D. 3.“ 


Upon Chapter 6. Aberrations of rays from the geometrical focus. 3 


AP is infinitely diminiſhed, and XY comes to 


have not allowed them ſo. great_a ifying teleſcope: of 35 feet ought to mag 
power as the Author 32 nify 166 times; ind of dne-<hoy 28 times: 


— 


nok . 
475. Mr. H has demonſtrated a good” 
— of —— theorem in as many 
diſtin propoſitions of his Dioptricks® ; which * Prop, 3d 
is more than I have found in any other author, ©9 47. 
But notwithſtanding his great invention and ae- 
curacy in geometry, he has generally embar- 
raſſed his readers with ſo many formal conipse-' 
ſitions and reſolutions of ratio's, that they = 
not have a better idea of the exceſſency of M* 
Cotes's theorem, than by comparing it with” 
thoſe of this other great Geometer. * 


the ſame whether a ſlender pencil falls upon the. 
ſpeculum or. a large one, becauſe the outward 
rays are reflected wide of the fochs F.;. 
479. In like manner when rays fall parallel Deulity of 
upon the plane fide of a plano-convex lens, (put- s in the 
ting w to » for the ratio of majority of the fines mcg of a 
of incidence and refraction) their greateſt den- oY 
ſity at their focus F, is to the denſity of the in- plate 30. 
cident rays, as the whole ſurface of a ſphere ö 
whereof the lens is a portion, to the area of a 


circle whoſe diameter is — PC, or in glaſs 
2 of the verſed fine of the ſmalleſt aperture of 
the lens; that is immenſely great. It follows 
from Art. 332. | 2 1 
480. Therefore the denſity of reflected or re- 
fracted rays in the ſeveral points of an image 
of a very remote object, is alſo immenſely great- 
er than the denſity of the incident, rays of any 
one pencil, For it would be immenſely great, 
if all the rays of every pencil were rejected, 
except a few that go near to their axes, and 
thoſe outward rays being ſcattered upon points 
collateral to each point of the image, help to in- 
creaſe the denſity of the rays if the whole 
image. 25 | 
481, I. had almoſt forgot to acknowledge 
mat! borrowed the firſt and fourth fitions 
of this chapter from Sir Iſaac Newton's Optical 
Lectures, Part 1. Seft. 4. where the ſecond is 
demonſtrated by his method of infinite ſeries. 


„ 


the beſt object · glaſſes now made will admit of. 
For the Author (in his Afroſcopia C aria) 
mentions an object- glaſs of 34 feet focal diſtance; 
which in aſtronomical obſervations bore an eye- 
glaſs of 2 4 inches focal diſtance e, and conſe - Att. 9% 


ren gt wore ng times. According to this 
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whereas the · table allows but 118 times to the 
former and but 20 to the latter. Now 
28 


— 


1 
118 


1, 4; by which if you muluply the num- 


bers in the given column of magnify ing powers, 
ou will gain a new column, ſhewing how 
much thoſe object- glaſſes ought to magnify. if. 
wrought up to the perfection of this ſtandard. 
The new apertures and eye-glafles muſt alſo 
be taken in the ſame proportions to one another 
as the old ones have in the table; or the eye- 
glaſſes may be found by dividing the length of 
each teleſcope by its magnifying power. And 
thus a new table may eaſily be made for this 
or any * more perfect ſtandard when of- 
fered 


table” 48: As an undoubted evidence of the great 


«form. Excellency of reflecting teleſcopes, I will add, 
3 te- that upon a juſt compariſon, made Mr. 
fleting te- Bradley Savilian Prof. of Aſtron. and the late 


leſcopess Dr. Pound, of Mr. Hadley's teleſcope, whoſe 


focal diſtance is not quite 5 feet and , with the 
Hugenian object-glaſs, w focal diſtance is 
123 feet ; they found that the former magnified 
objects as many times as the latter, and repre- 
ſented them as diſtin, though not altogether 
fo clear and bright ; which they attributed part- 
ly to the difference of their apertures, (that of 
the Hugenian being ſomewhat the larger) and 
pop to ſeveral little ſpots in the concave fur- 
of the object metal which did not admit 
of a good poliſh, But, notwithſtanding this 
difference in the brightneſs of the objects, they 
were able, with this reflecting teleſcope, to ſee 
whatever they had diſcovered by the Hugenian : 
particularly the tranſits of Fapiter's ſatellites, 
and their ſhades, over the diſk of Jupiter, the 
black liſt in Saturn's ring, (an argument of its 
being double,) and the edge of the ſhade of Sa- 
* See Fre, turn caſt on his ring “, and laſtly the five ſatel- 
IV. Phil. lites of Saturn; in viewing of which, this tele- 
Tranſ. No. ſcope had the advantage of the Hugeniaz at the 
376. time of compariſon ; which being in ſummer, 
and the Hugenian teleſcope being managed with- 
* Afr. 892. out a tube the twilight hindered them from 
ſeeing in this, ſome of thoſe ſmall objects, 
which at the ſame time they could diſcern with 
the reflecting teleſcope. This account was ſent 
by Dr. Pound to Dr. Farin. Phil. Tranſ. No. 
378. 
484. Notwithſtanding this admirable per- 
formance of Mr. Hadley's teleſcope, which mag- 
| nified between 228 and 230 times, I am well 
aſſured that an object - metal of 3 feet and I fo- 
cal diſtance. was wrought by Mr. Hauksbee to 
ſo great a perſection as to magnify 226 times 3 and 


ley's of 5 feet 23 inch focal diſtance; ſince with 
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therefore ſeems to be ſcarce inferior to Mi. Had - 


79 
the ſame eye · glaſi that gave it this poser, it 
ſhewed not only the minute parts of the new 
moon exceedingly diſtinct, but alſo the belts of 
.Japiter and the black liſt or diviſien of Saturn's 
ring. For the latter objects it bore an aperture 
of 34 or 4 inches; and in cloudy weather ſhew- 
ed lind: objects beſt when the whole ſurface of 
the ſpeculum was open, whole breadth was 4 4 
inches. 
F computed” my table of the magnifyin v- 
ers of r — 12 from N 
Mr. Hadley's, uſing its middle fized eye Hir 
and aperture, long before I had heard of Mr. 
Hauksbee's. But if this be taken for a new ſtan · 
dard, it follows, from Art. 361, that a ſpecu-- 
lum of one foot focal diſtance ought to magni- 
fy 93 times, whereas our table allowed it but 


60, Now = 1. 55, and the given column 
of magnifying powers multiplyied by this num- 


ber gives a new column, ſhewing how much 
the object · metals ought to —— if wrought 
up to the perfection of Mr. Haulsbers. And 

us a new table may eaſily be made for this or. 
any other more perfect ſtandard ; taking alſo the 
new eye-glaſſes and apertures in the ſame ra- 
tio's to one another as the old ones have in the 
preſent table. 


485. The magnifying power of Mr. Hauff To find by 
bee's teleſcope was determined by the following experiment 


Folkes. and bow much 
a teleſcope 


experiment made by himſelf, Mr. 
Dr. Turin. Having fixt a paper-circle of one 
inch diameter upon a wall, at the diſtance of 
2674 inches from the eye-glaſs of the teleſcope, - 
they viewed it in the teleſcope with one eye, 
while with the other eye naked, they viewed 


two parallel lines, drawn upon paper, 12 inches 
aſunder, moving them gradually to and 


fro* till they appeared to touch two oppoſite - 
points of the circle ſeen in the teleſcope ; arid 

then the perpendicular diſtance of the lines from 

the eye was found to be 132 inches. The tele- 

ſcope being of Sir Jſaac Newton's form, the ob- 

ſerver was obliged to incline his head and neck 

in a poſture nearly horizontal and parallel to 

the length of the tube, that his naked eye might. 
ſee the two lines croſs the under fide of it. 


In this peſition of the objects, the angle at 
the eye made 22 rays that came from the 
extremities of the diameter of the one inch cir- 
cle, was equal to the angle ſubtended at the 
other eye by the 12 inch interval of the paral- 
lel lines ; and therefore the ratio of this angle 
to that which the ſaid circle would ſubtend at. 
the naked eye viewing it at the faid diſtance of 
3 is the magnifying power of the 
teleſcope; and is compounded of the direct ra- 


tio of the ſubtenſes of theſe angles, and the in- 
verſe ratio of the diſtances of the ſubtenſes _ ; 


maguifies. 


Method of 
examining 
the good- 


nels of re- 


leſcopes. 


30 


the eye, that is, of 12 to 1 and 2674 to 1423 
which make the ratio of 226 to 1 nearly. 

486. Suppoſing a larger paper- circle had been 
placed at ſo great a diſtance, that its picture might 


ve been formed by the ſpeculum in its 


principal focus, the teleſcope would have mag - 
nified it more than our one inch circle, in the 
ratio of the diſtance of this latter circle from 
-the principal focus, to its diſtance from the cen- 
ter of the ſphere of the ſpeculum: becauſe the dia- 
meter of the picture of the remoter circle would 
have been greater, in this ratio, than that of our 
one inch circle, ſuppoſing theſe circles to ſub- 
tend the ſame angle at the center of the ſpeculum. 
But this ratio in the preſent experiment being 
only 2674 to 2671, gives but an inconſiderable 
Increaſe to that of the magnifying power already 
determined. 

487. If this experiment ſhould be further 
ſuſpected of inaccuracy, becauſe the pictures 
of the objects upon the two retina's of the ob- 
ſerver's eyes might poſſibly be unequal, I will 
ſnew that no inequalities of this kind can affect 
the concluſion. For let any ſtraight object be 
viewed with both eyes, and ſuppoſe the viſual 
angle at one of the eyes to be alſo ſubtended by 
a7 nearer object. Then it is plain, that the 
pu ures of both objects in this one eye, will 
be exactly equal to one another, however they 
may differ from that of the remoter object in 
the other eye. And the nearer object will then 
cover the remoter in appearance. But if the 
magnitude or diſtance of the nearer object be ſo 


altered as to alter the viſual angle and picture 


upon the retina; this will of conſequence be 
perceived by a neceſſary alteration of the appa- 
rent magnitude of this object. Therefore when 
the apparent magnitudes of the two objects 
were equal, the viſual angles were alſo equal 
whether the pictures upon the two retina's were 
equal or not. 'The application of this hypo- 
theſis to the experiment with the teleſcope I 
think is ſufficiently obvious. 

488. Thus we have an eaſy and accurate method 
of examining the goodneſs of a teleſcope of any 
kind. Firſt by giving it the leaſt eye-glaſs that 
will ſhew the new moon, or rather Jupiter and 
Saturn with ſufficient light and diſtinctneſs 
when the air is quiet and pure; and then by 
finding how much it magnifies by the method 
above mentioned ; by which it will appear 
how near it approaches to the perfection of 
thoſe ſtandards. But if ſeveral teleſcopes of 
the ſame kind have neatly the ſame length, or 
the ſame magnifying power though of different 
kinds, thoſe are the beſt in their kind with 
which you can read a given print at the greateſt 
diſtance. Experiments of this kind if made pub- 
lick, would be very uſeful to the buyers of te- 
Jdeſcopes, and would excite workmen to cxcell 
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one another : ſome ſew are mentioned, in the 
next remark, e 

489. The method of making reflecting teleſcopes Teleſcopei 
with glaſs ſpeculums quickſilvered over on the made wi: 
convex ſide, was firſt recommended by Sir 1/aac $/a{-{pecu. 
Newton *, and has lately been executed with * 
great ſucceſs at Edinburgh, as will appear by | Of, 
the following extract of a letter from my ho: 
noured friend Mr. Mac Lavrin, the worthy 
copy age of Mathematicks in that Univer- 
| Mr. Short an ingenious perſon well verſed 
in the theory and practice of making teleſcopes, 
has improved the refle&ing ones ſo much, that 
I am fully ſatisfied he has far outdone, what 
has yet been executed in this kind. He has not 
only ſucceeded in giving ſo true a figure to his 
ſpeculums of glaſs quickſilvered behind, as to 
make the image from them perfectly diſtin, 
but has made teleſcopes with metal ſpeculums, * 
which far ſurpaſs thoſe I have ſeen of any other 
workman. 

He has made fix reflecting teleſcopes with 
glaſs ſpeculums, three of 15 inches 9 
and three of nine inches. One of the firſt is at 
preſent in my Lord 7lay's hands; with which it 


is eaſy to read in the philoſophical tranſactions Hif 
at the diſtance of 230 feet. Another of them is the 
in the hands of Mr. Alexander Bayne our Pro- jet 


feſſor of Law ; with which he eafily -reads the 
philoſophical tranſactions at the diſtance of 280 
feet. I made ſome tryals with one of the ſpecu- 
lums of nine inches, and can read with it very 
eaſily in the philoſophical tranſactions at the 
diſtance of 138 feet ; but at that time had not 
an © ny to try it at a greater diſtance; at 
another time I read with it a much ſmaller print 
croſs the ſtreet at the diſtance of 125 feet. It 
coſt him a great deal of trouble to make theſe of 
a true figure and with parallel ſurfaces*, and ſe- * New. 
veral when finiſhed were found uſeleſs, by rea- Opt. p. 54, 
ſon of veins that then appeared in the glaſs. 3. 80. 
In the glaſs ſpeculums every thing elſe was 
very well, only the light was ſomewhat faint 
compared with that reflected from his metal- 
ſpeculums. This I take to have been owing to 
the ſpeculum's not having been well quick- 
filvered, and partly to the thickneſs of the glaſs. 
For one of them, I obſerved, had a brighter re- 
flection when fluid quickfilver was applied to 
its back ſurface than after it was foiled. . YR 
After he found the light in theſe glaſs-ſpecu- 
lums fainter than he expected, and alſo becauſe | 
of the great difficulty in finiſhing them, he ap- 
plied himſelf to improve the teleſcopes with 
metal ſpeculums. By taking care of the figure 
he finds himſelf able to give them larger aper- 
tures than other workmen do; and by adjuſting 
the ſpeculums and the whole inſtrument he has 
—1 improved it. He executes every part 2 
e 


Hiſtory of 
me Sub- 
ject. 


Rem. 2,1 


* 


TH AP. 9. 


— 9 28 as ble, and has made them 
of focal diſtances of two inches and fix tenths, 


of four inches, of fix inches, of nine inches, 


and of fifteen inches. He perforates the large 
ſpeculum and uſes a concave little ſpeculum. 

y thoſe of four inches focal diſtance he ſaw 
the Satellits of Jupiter very well, and zead in 
the philoſophical tranſactions at above 1 25 feet 
diſtance. By thoſe of ſix inches focal diſtance he 
read at 160 feet diſtance. By thoſe of nine inch- 


es focal diſtance he read at 220 feet diſtance. . 


By thoſe of fifteen inches focal diſtance he and 
Mr. Bayne have read in the Tranſactions at 

oo ſeet diſtance, and have ſeveral times ſeen the 

ve Satellits of Saturn together, particularly on 
the 24th of November and the 7th of Decem- 
ber laſt 3 which very much ſurpriſed me till L 
found that Mr. Caſi ni had ſometimes ſeen them 
all with a ſeventeen foot refracting teleſcope. 


I have compared ſome of theſe with ſuch as 
have been brought from London ; and find one 
of Mr. Short's"of fix inches focal diſtance, com- 
pared with one of the beſt I have ſeen from 
London of nine inches and three tenths focal di- 
ſtance, to exceed it in brightneſs, diſtinctneſs 
and magnifying power ; and when I called an 
indifferent perſon, whe knew not who had 
made the inſtruments, to give his opinion, he 
very * 9 that of ſix inches focal 
diſtance. It alſo manifeſtly exceeded another I 
had from London of eleven inches and a halt 
focal diſtance. The ſame was the reſult of ſome 
other compariſons. 

Upon the whole I am convinced he has much 
improved this excellent Invention and that his 
inftruments are by far the beſt of their lengths 
that have yet been executed. I am &c, 


Edinburgh Dec. 28. 1734. 
Colin Mac Laurin. 


Upon Chapter g. Determinations of the facus's of rays very obliquely 
refletted or refratted at any number of ſurfaces, and 2 


490. Before the diſcovery of the law of re- 
fraction, according to the given ratio of the 
fines of incidence and refraction of any given 
magnitudes, opticians could only confider the 
refractions of ſuch rays as fell almoſt perpendi- 
cularly upon the refrafting ſurfaces, where the 
angles of incidence and refraction, being but 
ſmall, were known by experience to be nearly 
in a given ratio to each other; and theſe rays 
they found would all belong to one focus pretty 
nearly. But Dr. Barrow, obſerving that the 
ſeveral ſmall portions of a large pencil of rays, 
flowing from a given focus, would diverge after 
refraction or reflection from ſeveral different fo- 
cus's, according as they fell with different ob- 
liquities upon the ſeveral parts of a ſpherical 
ſurface, and being of opinion that the eye re- 
ceiving a certain ſmall portion of theſe rays 
would judge the object to appear in the place 
from which they diverged, and conſequently 


to appear in different places according as the 


eye received a different portion; took occaſion 
from thence to determine theſe places geometri- 
cally by means of the law of refraction then 
newly diſcovered ® ; and conſequently to han- 
dle the ſubje& of dioptricks and catoptricks in 
a more extenfive manner than any writer had 
then done. The focus's of rays obliquely refract- 
&ed and reflected have alſo been touched upon 
by Sir Jſaac Newton in his Optical Lectures, 
in order to determine the diameters and breadths 
of the rain-bows and to make way for his ad- 
mirable theorems concerning the ſeparations of 
heterogeneal rays. Theſe are the principal wri- 


ters on the ſubject of the preſent chapter, in 
which I have not only comprehended the chief 
of their diſcoveries, but alſo have made them 
much more general ; by ſhewing that the rela- 
tion of the focus's of incident and emergent 
rays, to the focus's of parallel rays coming con- 
trary ways, is always the fame, after any num- 
ber of oblique refractions or reflections, as when 
a une of rays is but once refracted or reflect- 
ed at the vertex of a ſingle ſurface ; as will ap- 
_ more plainly in the propoſitions them- 
elves. 


Upon Ax r. 412. 


491. Having yet ſaid nothing upon the fo- p c 
cus of rays obliquely refracted through a plane ſuperficial : 
ncil. 
led. Ops, 


ABD be one of the incident rays that diverge Par. 1 4 3. 


ſurface, I will here tranſcribe a very elegant 
determination of it by Sir 1/aac Newton *. Let 


from or converge towards the focus 4; and let 
the perpendicular 4 H to the refracting ſurface 
BH, cut the refracted ray EBG in C. To the 
rays A B, BG draw the perpendiculars H 7, 

R, and in BG take BF to BA RG to IA; 
and F will be the focus of the refracted rays, 
that go the neareſt to EBG on both ſides 
of it. * 

492. The author having given no demon- 
ſtration of this conſtruction, I will here deduce 
one from the propoſition in the preſent article. 
Let any refracting circle B X, whoſe center is 
C. touch the refracting line BH in B on its 
ſide oppoſite to 4, and let C D and CF be the 
fines of incidence and retraction common to the 

| plane 


. 
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plaae and the ſpherical ſurface ; and putting 
m to n for the ratio of CDxBE to CE * 
BD, if the rays were retracted at. the arch 


. BK, by the preſent article we ſhould have 


BF:EF(::mBA:nD4)::B4:— DA or 
— BA+— BD; rd digointly as N F- BE 


aq ASAT DI DS oe-#D 
m N m 


when the rays are refracted through the plane 
BH. For the arch B XK will coincide with its 
tangent B HY, when its radius BC becomes infi- 
nite, at leaſt before it becomes negative: and 


then the finite line — BA— BA may be reject- 


ed from the infinite line — BA + — BD 


—BA. We have therefore BF: BA:: BE: 
BD: : CDX BEL: CE x B D* (by reſtor- 
BE" FF 
oy. = of = and #);:: C CH 
HK HP | 
FF Fr (becauſe the triangles BEC and 
HRB, and alſo B D C and HIB are fimilar). 
2: RG: IA, becauſe RB, RH, RG and alſo 


»- Eucl. VI. IB, II, IA are continual proportionals *. 


8, Cor. 
Focus of a 
ſolid penci 
of oblique 
tays con- 


hdered.. 


493. Upon this occaſion Sir. /aac Newton 


makes the following remark. That F is the 


focus of thoſe rays only which lye in the plane 
ABH. For no-other refracted rays can cut BF 
either in F or any. where elſe, excepting thoſe 
which before refraction lay in a conical ſurface 
deſcribed by the revolution of 43 about the 
axis A H, and which will all cut the aid B F 
in G where the axis 4 H cuts it. Therefore the 
rays that go very near to the ray FB E diverge- 
chiefly from two centers or focus's F and G 
the point F being the focus of thoſe that lye in 
the plane AB H, and G of thoſe that lye in the 
conical ſurfaces, deſcribed by the lines 4 B, B G 
tarned about 4 H. All other rays that ſurround 
AB, will be ſo refrafted as to approach the 
neareſt to F ſomewhere between F and & So 
that with reſpect to an eye, having the center 
of its pupil at any point O of the ray BE, the 
place of the image-of the point 4 ought to be 
diffuſed through the whole ſpace FG ; or becauſe 


the ſpace FG is the image of a ſingle point 4, 


its ſenſible image ought rather to be placed at 
ſome ſingle point near the middle of that ſpace, 
and as it were in the middle of all the rays that 


diverge from it upon the eye. But an accurate 


determination of that- point, regard being had 
to all the rays that lowed fram A before their 
incidence on the pupil, is a very difficult pro- 
blem, unleſs its ſolution be rather founded upon 


ſome probable hy potheſis than upon the rigour 
of the caſe. For — fince phony. ne 
rays flowing from G and the adjacent points, 
ſeems to be equal to the number of thoſe that 
flow from. F and its adjacent points, the place 
Z of the image of A ought to be ſo ſituated be- 
tween theſe limits, that the angle under two 
rays converging from F and G to any given 
you of the pupil; may always be nearly bi- 
ected by a ray flowing from Z to that ſame 
point of the pupil. Upon this hypotheſis, taking 
O-for the center of the pupil, the point Z ma 
be found by faying as OF OG: OG:: FG 
GZ. For disjointly we ſhall have OF: OG: 
: FZ: GZ; and therefore ſuppoſing three lines 
to be drawn from the-points F, G and Z to any 
point of the pupil, lying very near to. its cen- 
ter O, the angle a 29s 4 two. outward lines 
will always be very nearly biſected by the inter- 
mediate line *.” * Pacl. VL, 
494 So far Sir //aac Newton, whoſe doctrine 3. 
is manifeſtly applicable to rays obliquely refract- 
ed through a ſpherical ſurface, taking a line 
drawn through its center and the focus of the 
incident rays for its axis. In his application of it 
to the. ſenſible _—_ or apparent place of the 
point 4 he follows Dr. Barrew's opinion, upon 
2 ſee the remarks upon Art 138. and 2 
14. 


Upon AR r. 477. 


495. The facus 4 of incident rays as A B Fig. 103. 
upon a 2 plane B H being given, Dr, ++ 
Barrow has taught us how to draw. the refract- 
ed rays as B O very expeditiouſly *. In the per- Opt. It. 
pendicular 4 H to the refrafting ſurface, on the IV. Se. 
ſame fide of it as 4, take HL to HA as the 
ſine of incidence to the fine of refraction: and 
draw L M parallel to B H; then let any incident 
ray AB cut LM in M; and in the angle BH L 
inſcribe a line B N equal to B M, and the line 
NBO will be the refracted ray. For by con- 
ſtruction the fine of incidence is. to the fine of 
refraction (as HL to HA, or as BM or BN to 
BA*, that is by Art. 221.) as the fine of the * xucl. vi. 
angle BA H, equal to the angle of incidence, :, 
to the fine of the angle B MH, which therefore 
is equal to the angle of refraction. 

. When parallel rays fall upon a refracting tig 4 
ſ — — he has alſo — us LS K 146. 
w any. number of refracted rays by this con- 
ſtructionꝰ. Let I to E be the ratio of refraction, Opt. les 
and through the center C of the refracting cir- XI. __ 
cle BCN draw the ſemidiameter BC parallel to 
any incident ray MN, and in BC produced 
take BZ: CZ:: I: R; and divide CZ in F 
by taking FZ: FC:: I: R; and with the cen- 
ter F and ſemidiameter FZ deſeribe a circle 
20 E; ud through the given points 2 


Hiſtoty of 
the dubject. 


Abt. by 
Lowthorp, 
Vol, II. p. 
139, 


Att. 579. 


Appeatan · 
ces through 
plane glaſ- 


ſes. 


Fig. 147. 


AP. 1I. REMARES UPON ART. 530, 532, 614. 


draw N CG cutting this circle in G; and in the 
axis CZ take CX CG, and drawing N X it 
will be the refracted ray. For having joined FG 
and BG, fince BZ: CZ:: (I: R: j Z: FC 
alternately we have BZ: FZ :: CZ: FC, and 
disjointly BF: FZ :: FZ: FC. Therefore ſince 
the ſides of the triangles B FG, GFC, that 
contain the common angle G FC, are propor- 
tionable, thoſe triangles are fimilay. Hence we 
have BG: GF::GC: CF and alternately B G 
:GC::GF:CF, chat is BG: GC:: FZ: CF 
:: I: R. But in the triangles B CG, NC & we 
have BC=CNandCG=CX, and the angle 


83 
BCG=NCXK, and conſequently BG: GC:: 
NX: CX; therefore NX: CX: I: R. But 
in the triangle V C & the angle at C is equal to 
the angle of incidence or to its 3923 and 


therefore C MX is the angle o 
its ſupplement by Art. 221. 

497. Hence while the point of incidence N 
approaches to B the point XK will approach to 

3 and therefore every two contiguous rays 
will croſs each other befote they croſs the axis 
CZ. For while B M decreaſes it is plain that 
CG or CK muſt increaſe till they equal CZ. 
So far from Dr. Barron. 


refraction or 


Upon Chapter 11. Concerning corona's and parbelia. 


498. Upon occaſion of a corona obſerved at 
Paris, 12 May 1667, Hugenius gave in his 
thoughts on that ſubject to the Royal Academy 
of Sciences, in a diſcourſe afterwards re-publiſh- 
ed in our Philoſophical Tranſaftions ® ; which 
I need not tranſcribe as containing little more 
than the heads and deſign of the preſent treatiſe. 
There indeed he gives a hint at the cauſe of an 
Anthelion, obſerved by Hevelius, in the inter- 
ſection of two bright arches croſſing one another 
at oblique angles, which here, I find, he in- 
tended to explain at large, but did not finiſh the 
treatiſe; for which reaſon, and eſpecially as I here 
give a tranſlation of a latin tion from the 
original dutch, the reader will excuſe me, if, up- 
on a critical examination, he ſhould find I have 
any where miſtaken the author's meaning; for 
now and then I was a little deubtful of it. 

499. I judged it beſt to throw all the mathe- 
matical materials into one view, to be ſeen in 
the Appendix“, tho' ſome few of them were 
before demonſtrated in a different manner in the 
body of the treatiſe. 


Upon Ax r. 530. 


zoo. Line 34. I judge the breadth of the co- 
ron to be equal to 2 apparent through 
which the colours are ſpread &c. The ſun's ap- 


parent diameter muſt be added to the apparent 


ſpace here mentioned, as in the Rain-bow ; {ce 
Art. 502. 

o1. Line 42. Now this happens when there 
is leſs plenty of ſuch globules, that is, whoſe dia- 
meters bear equal ratio's to their opake kernels ; 
for a greater or ſmaller inequality of thoſe ratio's 
will more or leſs dilate the breadth of the co- 
rona, ſo as to 7 — whiteneſs by a mixture 
of the generated colours. 

502. Aug. 26. 1730. at 7 3. a. m. travel- 


ling between Vert and Tadcafter, while the ſun 
ſhone upon a foggy air, I obſerved a regular 
arch in the heavens in the uſual ſituation of the 
primary rain-bow, or rather, as I judged, con- 
traced into an arch of a ſmaller circle. Bat it 
ſeemed manifeſtly broader than the inner rain- 
bow and all over of a ſtrong white, which I 
took to ariſe partly from the weakneſs of the 
ſun's rays in paſſing through the fogg, but chief. 
iy from the extraordinary breadth of the arch; 

r a like reaſon to what I have juſt mentioned 
about the corona. 


—— — 


Upon Ar. 532. 


voz. At the end. Theſe corona's, if their di- 
ameters were ſmall, are accounted for by Sir 
Tſaac Newton from principles quite different 
rom theſe of Hug Wis, 


Upon Chapter 12. Concerning the apparent ſhapes of objects ſeen by 
reflected or refracted rays. 


Upon AxT. 598 to 614. 


04. From this theory of the apparent ſha 
of bjofts, it follows that a fraight object hen 
through a glaſs bounded by parallel plane fur- 
faces, ſhould appear a little concave towards the 
eye, though ſcarce ſenſibly, unleſs the glaſs be 
very thick. For, ſuppoſing the fame notation 
as before, let the ſurfaces of the glaſs be cut per- 


pendicularly by the plane of the figure in the 


g. Conſequently $2 and L are parallel; 
L 2 


lines Ar, Bs; then we have 40 to AF and alto 
Bg to Bf in the given ratio of the fines that de- 
termine the refractions , and alternately 40: 
Bg :: (Af + Bf: ) Ar : Bs. Which ſhews that 
the triangles AOr, Bgs are ſimilar, and conſe- 
quently that the fititious ® ray gs L emerges pa- 
rallel to Or or OR; and fo does the true ray 
S2, which is more refradted both at R and S, 
as is plain by the — of the aberrations /p, 


and 


A whice 
bow in the 
place of the 
rain bow. 


8. 
OW. 13. 


Opt. 82, 
pag. 28 


* Att. 215 


* Act. 614. 
* Art, 36. 


* Rem. 
495» 


— — 


_— 


_ 


mt—_ * 


Act. 610, 


And thro' 
une en 
lad. 
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and therefore P, being always leſs than P L, 
ſHould appear always concave towards the eye“; 
but their difference 2 L, being always equal to 
Sn, whatever be the diſtance between the glaſs 
and object, is ſo ſmall, unleſs the glaſs be very 
thick, that the apparent curvity of the line Il x 
may be quite inſenſible, as we find it is in look- 
ing through coach-glaſſes, whoſe ſurfaces are 
truly plane and parallel. 

505. Therefore the diſtortions of objects ſeen 
through windows made with unwrought glaſs, 
is owing to its curvity and uneven thickneſs. 
For the ſmalleſt angular deviations of the re- 
ſracted rays from their due courſe, thence ariſing, 
will cauſe them to fall very wide of the eye 
placed at a good diſtance from the window; ſo 
that an object cannot be ſeen through it by ſuch 
rays as being equally refradted in every part. of 
the glaſs, come in due order to the eye, Fe by 
others, which by eoming through improper pla- 
ces of the glaſs, cauſe a diſtorted image on the 
retina. And ſince the errors in thoſe places are 
greatly augmented by the diſtance of the eye 
from the window, experience has taught us to 


go very near to it, in order to ſee chings in their 


Lig. 148. 


* Am. £10, 


roper ſhapes. | 
„ = 3 well known, that a large plane 
object, as the bottom of a veſſel, lying deep un- 
der water or any liquor, appears concave to- 
wards the eye; which agrees with our theory“. 
For ſuppoſing AR to be the ſurface of water, 


the object PD is leſs than PL, becauſe the ab- 


* Rem. 
497. 


5 Appatent 


apes thro' 
ules. 


B96 515, 


erration / tends from the ſurface AR®; and 
when the angle AOR is given, 2 Land xa are 
as the depth 4 P. In the preſent caſe of a ſin- 
gle refraction at a plane ſurface, I find the.curve 
0x is of the third order. 

507. As a farther confirmation of the truth 
of this theory, it is obſervable that a large plane 
object ſeen x an a deep concave lens appears 
always convex towards the eye, agreeably to 
F16. 513, and the more concave as the object 
is more remote and the lens at ſame diſtance. 
from the eye. 

508 1 that a large plane object, ſeen 
inverted through a very thick convex lens or 
a ſphere (their properties being alike) appears 


"convex towards the eye placed at ſome diſtance 


from the glaſs ; and concave when it is ſeen up- 
right, agrecably to Fic. 514, 515. The paral- 
lel hairs of a micrometer are another known in- 
ſtance of this laſt caſe, as appearing always con- 
cave towards the eye and convex each 
other, when opened fo wide as to be ſeen thro? 
the edges of a thick eye-glaſs. For conceiving 
the ſurface- deſcribed by the revolution of the 
curve {1x about its axis ON, to be cut by two 
planes parallel to the axis and paſſing through 
the hairs, the ſections ſeen by the naked eye 
would appear in the ſhape of the hairs ſeen 


BOOK 2. 
through the 'glaſs “. If a ſeruple ſhould ariſe * Art. 3 
from the place of the interſection 4 abovemen- 7 
tioned “, it will vaniſh by ſuppoſing the ſurface “ Art. 611. 
AR to be plane inſtead of ſpherical The pkæ- 
nomena of the bars of a. faſh-window viewed 
as above through concave and convex glaſſes are 
explicable in the ſame manner 
og. Let O and / be the foct of an elliptical The ſhape 
or hyperbolical ſpeculum repreſented by R, of an of jena 
and P 2 a ſtraight line perpendicular to its axis — in . 
Iptical ot 
OPA. in which taking on=; x FP and ee 
cal ſpecu- 
"ol | lum, 
nm = 25 u . place them both the ſame Fig. 149. 
way from O as P lyes from / in the ellipſis, and ©? 1 
both the contrary way in the hyperbola ; then 
with the vertex II and foci O, Q deſcribe ano- 
ther hyperbola Ns, and draw any line f2 cut- 
ting the object P in © and the ſpeculum 4 R 
in R, and let OR (produced) cut the hyperbo- 
la in ; I fay the object P will appear in the- 
ſpeculum 4 R, to the eye at O, of the ſame 
ſhape and magnitude and at the ſame diſtance, 
with which the hyperbolick arch 1 x would ap- 
oe to the lie] eye at O-; and in the fame 
ituation too, provided IN x be inverted, when 
it falts behind the eye, and removed to an e- 
qual diſtance before it. 
For, from the known property of an elliptical 
or hy perbolical ſpeculum A R, wiz. that the 
rays which flow from its focus O will all be- 
long to its foeus F after reflection, I find, that 
while the viſual angle 40 R is gradually va- 
ried, the hyperbolick arch 0x is the geometrick 
place of the interſection « of the line OR (pro- 
duced) and the line 2 x drawn | to the 
axis. The truth of the propoſition is therefore 
evident by Art. 599: 
pow It is well known, that the hyperbolick 
arch II is concave towards the leſſer of the 
two lines ON, NN, and that its curvity is great- 
er according to their greater inequality. The 
poſition and curvity of the apparent object Il x 
ts therefore known by the conſtruction *, which + x... 
gives On: na: : ON: 1 * $09. 
511. Hence, if the eye be at O in the facus And in a 
of a parabolick ſpeculum AR, draw - any line parabolick 
IR parallel to its axis OA, and the object P (peculum, 
will appear in the ſhape and place of the para Fs“ 1 
bolick arch 4 R. For, while the vertex 4 and 
focus O of the concave hyperbola 4 R, keep rig. 130. 
furt, let the focus / recede to an infinite diſtance, 
and the hy perbola's A R, Nx will both be 
changed into one and the fame parabola A R, as Rem. 
is evident by the conſtruction above “. $09. 
512+ Hence alſo, if the eye be at O in the And in a 
center of a ſpherical. ſpeculum A R, the object ſpherical 
P2 will appear in the ſame ſhape and nj- ſpeculum. 
tude and at the ſame diſtance as it does * 153. 


rag 


nA. 12. REMARKS UPON ART. 598 = 614; 


naked eye at O. For by diminiſhing the inter- 
Fig. 1. val Off, of the elliptical foci, to nothing, the 
ellipſis is changed into a circle and the hyper- 
bola N into the ſtraight line PQ, by the ſaid 
Rem. conſtruction “. s 
$09, 510. 513. Now let O and Abe conjugate foci of 
* 1 rays reflected at the vertex 4 of a f herical ſpe- 


culum 45, and the ſtraight object PA, if not 
too long, will appear to the eye at O nearly of 
the ſame ſhape and magnitude, and at the ſame 
diſtance, with which the hyperbolick arch 0 x 
would appear to the naked eye at O. For ac- 
cording as the foci O, F lye on the ſame or con- 
trary ſides of the circular arch 46, its curvature 
muſt be the ſame at the vertex 4 with that of 
an ellipſis or hyperbola that has the ſame points 
O, V for its foci: becauſe the circular arch 4b 
reflects the rays, from the common vertex 4, 
into the fame lines as they do, by ſuppoſition : 
and therefore the apparent curvature of the ob- 
jet P & ſeen in the ſpherical ſpecutum will be 
nearly the ſame as if it were ſeen in the ellipti- 
cal or hyperbolical ſpeculum. N 
514. But if the ſtraight object P © be very 
long, its apparent ſhape in the ſpherical ſpeculum 
will come nearer in moſt caſes to that of à pa- 
rabolical or elliptical arch 04, of the ſame cur- 
vature with that of the hyperbola Ns at its ver- 
tex IN, Firſt, becauſe the hyperbola and ellipſis 
grow gradually ftraighter in going from their 
vertex, and therefore deviate more and more 
from the invariable curvature of the circle. This 
being ſo, let the ray OR (produced) fall upon 
the circle in 6, and, after reflection, upon the 
object PD in X, and let XI, drawn parallel 
to the axis 40, cut the viſual ray Ob (produ- 
ced) in &. Then, ſuppoſing the reflected ray 
AX (produced) would paſs through /, it is plain 
by the figures, that the interſectlon 4 would fall 
within the by rbola II; and the aberration 
of the ray 5 & from f towards e, will generally 
carry the interſection i within the cavity of the 
| hyperbola Nx ; and thus the ſhape of the appa- 
rent object or curve I i, deſcribed by the inter- 
ſection &, will deviate from the ſhape of the hy- 
amp 10 x towards that of a parabola or an cl 


_ $15. The geometrick places deſcribed by the 
interſection 4 being curves of the third order, 
whoſe ſhapes are not familiar to us, I choſe to 
compare them with the known ſhapes of conick 
ons. 8 

Let us now proceed to determine the appa- 
rent ſhape, magnitude and place of an object 
wi ſeen with both eyes in a ſpherical ſpeculum. 
2 516. Other things remaining, let a ſtraight 
— object QF be perpendicular to the plane of the 
ſpherical figures, and let the curved furface, deſcribed b 
peculum: the revolution of the curve 14 round its axis 


Fig. 140. 
40 156, 


with both PN, be cut in the curve It by a plane paſſing 


eyes. 


— 85 
through the lines 28, 2&4; then drawing the) Fig. 1 57. 
line $7 parallel to , the object 28S will ap-.t9 160. 
pear in the ſpherical ſpeculum 6 in the ſame | 
ſhape, magnitude and ſituation to the eye at O, 
as the ſection kt would do to the naked eye at 
O *®; provided the ſection, when it falls behind * Att. 598... 
the eye; be inverted and carried as far before 
it “, as in Fig. 160. This being premiled, thro? * Art. 1396. 
the center E ef the ſpeculum 44 draw 2 E and 
make another angle EA equal to the adjoin- 
ing angle EA, and in the new radius EA 
take another line EO equal to the given E O, 
then the phænomena of the object QS viewed 
with both eyes placed at the points O, O are 
reducible to the following caſes. 
517. Caf. 1. If the reflected ray O and the 
line O be not parallel, produce them, if need 
be, till they meet in 3, and if g falls behind 
the eyes, the object P will appear double, and 
the appearance to each eye will be the ſame as 
above deſcribed when the other- was ſhut. We 
may eaſily adapt the 158th and 159th. figures 
to this caſe, by conceiving the object drawn a 
little farther Com the ſpeculum. ; 
518. Caf. 2, But if the interſection g falls be- 
fore the eyes, and their axes be inclined to one 
another in an angle equal to Og O, the object 


Qs will appear fng/e in diverſe manners. 

19. Caf. 3. For, if the line Og be leſs than rig, 157. 
O k, the object Qs will appear to both. eyes 160. 
nearer and ſmaller than to either eye alone. 


520. Caſ. 4. But if Og be greater than O4; Fig. 158. 
the object 28 will 5 to both eyes remoter 169 
and larger than to either eye alone. 

1. Caſ. 5. Laſtly, having compleated the 
fonts 98 tu, let the line O (produced) 
meet in x, or be parallel to it, and if the 
line Or be longer than Q, as in fig. 157, 
the object Qs will appear convex towards both 
eyes, otherwiſe concave ; and whether Qæ be 
longer or ſhorter than Eg, will be evident from 
the following conſiderations. N 

522. According as the: ſurface deſcribed by 
the revolution of the curve 114, is convex or 
concave towards P 2, which was determined 
above *, its ſection 47 will alſo be convex or * Rem. 
concave towards tho object QS, and the line 13. 

Ax will accordingly be longer or ſhorter than 
2 &. Hence, and from the given poſition of the 
points Q, O to the ſubtenſes In, q x of the an- 
gle 40 or 50 &, it will be evident in fig 157, . 
where Qs is longer than 24, that Lx is alſo - 
longer than A in fig. 158, 159 where 
Qu is ſhoxter- D4, that T is a o ſhort- 
er than ; but. in fig. 160, though Q is lon- 
ger than Þ# oy Ax is ſhorter than 2g. 

523. Let the the ſame, conſtruction be com- Demonſidn- 

leated for the ſecond eye as we made for the tion of che 
rf, and from the equality of the angles 2 EO, phanomer 
NEO ud lines EO, EO, it is plain _—_ 
o 
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other parts of the on -oppolite fides of 
e CIS and fimilar to one ano- 
ther. 


524. 1. Now if the reflected rays 30, 50, 
which came originally from Q, tend to meet 
in q behind the eyes, they mult needs fall up- 
on points of the two retina's which do not cor- 
reſpond ® to each other; becauſe the axes of 
the eyes produced forwards cannot diverge as 
the viſual rays Ob, Ob are ſuppoſed to do. 
ge 8 the point Q and object QS will 
appear double “. 

35 2. Rut if the point falls before the eyes 
and their axes be directed towards it or any 
collateral point lying nearly at the ſame diſtance 
from the eyes ax does, their axes will be inclined 
to one another in the angle OqO or ſome other 
equal to it, and then the rays 60, 50 will fall 
upon correſponding points of the retina's, and 

Alt. 137. excite a ſingle appearance of the object QS. 
A previous 526. In order to explain the reſt of the phæ- 
Experiment nomena we mult r an experiment deſcri- 
-or WO exe bed in Art. 977. and add to it another caſe or 
Plained. manner of viewing the compaſſes there men- 
tioned ; whoſe legs being . to any angle 
and held by the joint in a plane nearly perpen- 
dicular to a plane paſſing through axes of 
the eyes, with their points in this latter plane, 
let the axis of the right eye be directed ſteadi- 
ly towards the point on the left hand, and that 
of the left eye towards the point on the right 
hand, then, of the legs that appeared double, 
the two innermoſt will ſoon unite in one, ap- 
pearing like a third leg in the middle between 
the other two, and will tend from the joint to- 
wards the interſection of the axis of the eyes: 
and this middle leg, if viewed attentively while 
the real legs are gradually opened, will decreaſe 
in apparent magnitude and approach towards 
% Rem. the eyes ; and on the contrary will increaſe 
Jer. and recede from while the angle of the 
legs is contracted. The like phænomenon is ob- 
ſervable in viewing two lighted candles of an 
equal height and thickneſs at the diftance of 
two or three feet from the eyes; but the appa- 

rent candle in the middle does not a 

quite ſo near _—_ as the correſponding leg 
of the compaſſes, I mean in proportion to the 
given diftance of the original objects from the 
Fig. 462. eyes. In the figure, a and $8 are the diame- 
ters of the candles, 4 and e the centers of the 
ils, aca, and i ag two cones of rays croſ- 
Fe one another in , where the candles appear 
"united in one, of a fize proportional to the 
thickneſs of the cones at For a little beyond it. 
Now if the candles a, 6 be gradually drawn 
aſunder, their apparent union near F, while the 
eyes are fixt upon it, will decreaſe in apparent 
magnitude and approach towards you. For the 
fimilar and equal pictures of the two candles 


"* Att. 137. 


upon correſponding places of the two zetina's 
cauſe the ſame ſenſation as two ſuch pictures of 
a ſingle candle at F would do; and this ſenſa- 


tion excites the uſual idea vf a fingle candle Rem. 
527. And by the way, if the lines afe, / 301 


be drawn upon a plane board a foot or two long, 
and a pin be ſtuck upright at their interſection 
F, and che pupils of the eyes be placed near the 
edge of the board at any ſmall height above 
the points d, e, while the pin is viewed ſteadily - 
the two lines fa, fb will appear united and 
upright in the place or by the fide of the pin. 

or in this caſe they cannot appear in two dif- 


ferent places and therefore muſt appear in the Art. 1 


common interſection of two planes paſting thro' 
the lines af; bf and the pupils of the eyes, 


528. 3. 4. By applying what has been faid Applicatic 


of the points of the compaſſes to any two points f 


kh, & or , t of the curves It, 4. ſuppoſed to be perime 


viewed by the naked eyes at O, O directed to 
the point g, the reaſon of the third and fourth 
phænomena is very evident. | 

529. 5. Hence alſo we have the reaſon of 
the apparent convexity or concavity of the ob- 
jet BS. For the two triangular planes Out, 
Out ( produced) will interſect one another 
in a line xs perpendicular to the plane of the 
ſcheme, becauſe the lines fu, tx are — wager 
cular to it. And the point &, being ſeen by re- 
fleted rays coming to the eyes O, O in the 
fame directions 70, 70 in which they would 
come from two radiating points 2, t, to the na- 
ked eyes at O, O, muſt appear in the ſame 
in which the radiating points #, f would 
pear united to the naked eyes. And this place 
of apparent union will be nearer to, or farther 
from, the eyes than the place of apparent union 
of the two other points &, 4 to the naked eyes, 
or the apparent place of Q in the ſpeculum, ac- 
cording as the viſual angle O: O or even Oæ O 
is greater or leſs than OgO, that is, according 
as 2x is leſs or greater 


30. In the caſes of fig. 159, 160, the object The theory 
+ DS ought to appear convex to either eye alone diſcoverian 
both at once ; which change of * 
ſhape, I was very much ſurpriſed wich, in 


and concave to 


viewing a foot ruler held upright between m 
eyes, with its flat fide againſt my forehead, 
placed about a foot farther from the ſpeculum 
than the center of its concavity. In this caſe 
the obje& appears inverted, and accordingly in 
fig 160, the curves 04, 014 and their-ſettions 
kt, kt are inverted too, and carried along the vi- 
ſual rays Os, Ob as far before the eyes as, 
conſtruction, they fell behind them. 
531. The whole theory 


kt. For by placing them in the ſeveral poſi- 


_t 
* 


be farther con- Is farther 
firmed by forming any two ſlender equal ob- confirmed 
jects, as two quills ſtript of their feathers, into by p47 
two equal curves, to repreſent the ſections 4, nent. 


——— —— — — 


. 
. 


-. 


— 


tions repreſented in the figures and by directing 

the eyes according to the poſition of the puint 
x, the curvity of the two apparent inner quills, 

when apparently united, will have the ſame a 


rance, as to convexity or coneavity and the 
degree of either, as the ſtraight object QS will 


have in the ſpeculum ; as I have oſten tryed. 
Ixplains- 532. The 158th figure gives me an oppor- 
ſome te- tunity of explaining a omenon which Dr. 
mackable® Barroso took notice of as ſomewhat extraordi- 
men nary®. Viewing your face in a concave ſpecu- 
eld Opt. lam held pretty near it, firſt with your right 
ld. 15- eye, while the left is ſhut, obſerve its apparent 
lace and fize. Then do the ſame with your 
2 eye, while the right is ſhut, and your face 
will appear of the fame ſize as before, only 
moved a little towards the left hand. But upon 
looking immediately with both eyes, the two 
apparent faces will ſeem united in a face much 
larger, remoter and more concave than before. 
The reaſon n is very evident from the 
theory above. 

533. And for the ſame reaſon, a piece of per- 
—— ſpeclive placed a little nearer to a very large 
concave ſpeculum than its principal focus, as 
in fig. 158, and viewed. by a perſon ſtanding 
cloſe behind the piece and looking over the top 
of it, appears in the glaſs much larger and more 
projected, and 
advantage than when it is ſeen by direct rays. 
How Dr. 534. I do not find that Sir 1/aac Newton has 
Barrewcon- any where touched upon this ſubject of appa- 
= x56 rent ſhapes, and Mr. Huygens has only given 
* Dioptr. of it o, that the a t curvity. of ſtraight 
prop. #3» « lines often ſeen oat the margin of a lens, 
P 1% «jg extremely difficult to be reduced to gcome- 
« try” ;- which upon tryal I found ſo true, that 
I ſhould ſcarce have Iren the ſpec 


but through a defire of having the moſt: rigo- 
rous teſt of the validity and extent of the prin- 
ciple I have all along followed. I will conclude 


this ſubject with giving an account of Dr. Bar- 
* Lect. Opt. roww't manner of conſidering it *®. Let E be the 
kub finem. center and AP EO the axis of a large concave 
Figs 162, ſpeculum AB, P © a ſtraight object perpendi- 
cular to it, © Eq che axis of a large pencil of 
incident rays flowing from 
formed by the reflected rays, 9 its cuſp, O the 
pupil of the eye, OB a tangent to the cau- 
ſick, Joining © PB, the ray which deſcribes it, 
will be reflecte _ BkO, and the rays ad- 
Joining to it, will enter the il divergi 

from 4, which therefore, —_— Dr. Bar- 
* Rem, FYow's Principle “, is the apparent place of the 


continually in 43 and, in conſequgnce of the 


EMAP. 12. REMARKS VTO ARS 7 - 


conſequeutly to much greater 
ns this one obſervation upon a cular caſe 


ulation, . 


70 the cauſtick 


111. point 
535.7 ile the axis 2 Fg, of the variable 
cauſtick 54, is turning about the center E, let a 
line O 15 turning about O, touch the cauſtick 


faid prine ple, the obje&t-P © Will appear in 
the place and. ſhape Ir 25 by 
the motion of the point 4. 

536. Admiting the principle I Tee no objec- 
tron to the conſequence drawn from it, but fince 
the principle has no foundation either in reaſon 
or experience®, the theory muſt necds falFwith.it, * Rems - 
even when the image p# is before the eye; and 2113. &c-- 
much more when it is behind the eye, or part 
behind and part before it; which latter caſe- 
muſt happen when the object is a little nearer 
to the ſpeculum than its principal focus. Theſe 
caſes create no difficulty in my theory, but are 
utterly inexplicable by the Doctor's, and beſides 
that, he gives no account of the appearances to 
both ey es. 

Upon Ar. 653: 


537. Hugenizs was the firſt inventor of the 
theorem ® in this Article, and drew the Game Didyer. 
conſequences from it as in Art. 660 to 665. prop. 27. 


Upon Ax r. 741. 
A double refleFing microſcope of 
new mvention, theoretically and: 
practically deſcribed, 


. PrxoPOos i1TiIon I. 


38. To compoſe a microſcope with tavo ph - 
cal Jpecula- and a convex eye-glaſi, and to its ; 
magnifying power. 

Between the center E and principal ſo- xiv. r65; 

. 7 of a concave ſpeculum 4 r axis ee 
is EDTC, place an object P2; and let the 
rays flowing from it be reflected from the | | 
culum 4B towards an image pq; —— 2 
they unte in it, let them be received byta con- 1 
vex ſpeculum ade, and thence, be reflected, Gs 
through a hole B C in the vertex of the con- 
cave, to a ſecond image wx, to be viewed thro?” 
an eye-glaſs J. : 

$40. The object may be ſituated between + 
the ſpecula C, c ; or, which is better, between "A 
the principal focus ? and vertex c of the convex . ':1 
one, a ſmall hole being made in its vertex for - 22 


the incident rays a through, 

541. In both. caſes we have TQ, TE, 74 
continual proportionals in ſome given ratio, * 'Art..zo7p- 
ſuppoſe of 1 to n; and alſo 74, tc, ix continual - 
proportionals in ſome other given ratio, ſup- 
poſe, of 1 to . Then if 4 be the uſual diſtance 
at which we view minute objects diſtinctly 
with:the naked eye, and «/ the focal diſtance. - 
of the leaſt eye-glaſs, thro' which the object ap- 
pears ſufficiently bright and diſtinct, it will be 
magnified in the ratio of mn to x/. i 

542. For the object P © and its firſt image 


g are terminated on one fide by the common 


-axis of the. ſpecula, and on ner 


B*Art. 215. concave ATE 


"*% Eucl, V. 2 : 
| FE: 2E: the HA ee, 


2: mn: 1, Whence n PD. 


12. 


Att. co. 


** Encl, VI. 
12. 

* Eucl. VI. 
4 · 
Euel. 1, 


ine P Fg, the E of the 
T fk. the imaged pg and 
wx are terminated by the common axis and by 


the line ep, drawn 28 the center e of 


the ſimilar trian- 


Hence, b 


and alſo 1 


the convex abc®. 


'gles ont, 4% 
„and 94 


2. 1 1 
J. be the focal diſtance of the e e-glaſs 7, 
points P, 2, of the object, are Gen rake it 


RE MAN RS UPON ART, 74A... 


PE. he 855 : 


Wn 
& 
BOOK 8, | 


diſtance 4 from PD, it HD NED, 


. . P 
Po D which is as 7 
fied in the ratio of theſe 
mud to xl, 

Corel. 1. Having the numbers 
to | — a eye-glaſs which ſhall cauſe . 
eroſcope to magnify M times in diameter, take 


x/= = For the apparent magnitude i is to 


by the rays of two pencils emergin Nel to The true, 3 M:1:: mud: xl, 
the lines w/, AI reipetively ; at PS 9 ap- 544. Corol. 2. As ſoon as the propereſt num- 
5 an angle equal to = x, which Is as bers m, = and focal diſtances 7, f can be deter- 
mn - mined, the following rules will give the ſeve- 
= ; and to the naked eye at the ral parts of the axis of the microſcope. 
nnr | gT=nT 
; 3 Se. 
be T2=- T 
g = q2=Tg—T2=——=07 
m 
c , i,  gC=9gT+TC=3T, r 
gn -, . n DT TC == "= Tart 


— gem I, ; ps 9 


| WNT LOT. —— 


LIE MM as 


x; The focus of incident rays v na ſphe- 
187 ſpeculum being given, to ſind the exact 
aberration of any given ray from the conjugate 
focus. 


46. Let F be the center of the ſpeculum 

AE, 7 its prine ipal focus, Q and q any two 

77970 foci of the neareſt rays to the axis 
DTC, 24 any other incident ray, 2 


nel to 7 axis. ren _ 
— 45 * the — — w Hg ff 11 of 


from ©; then will AR be the reflefted 3 
qR its exact aberration from the focus g. 

547- For let the incident rays QA, 8 pro- 
duced, cut the ſphere of the f. RR 1 
in B and D, and joining EA, EB, let R 
drawn parallel to EA, meet DA produced i in s 
'Then we have ER to R 4 a ratio compound- 
ed of ER to ED and E „ that is, of 
AS to 42“ and BA to RS, or, 'becauſe the 
compound ratio will be the fine, f EA vo 42 
and AS to RS, or EA to AB ®, We have then 


ER: RQ:: EP : (AAL AB=4AQ *x A2 
+LB=42 +42 x QB=ABM—CY x 


* n - *; and dif 


I — 


jointly. ER: I N:: Fry : (42? Ee — 
E 12 A ZV 


i E 
212173. 

.CE CE xET <= X — 
e "3 we 185 ER: Z 

EF: N. Which proportion, when the point 
© is fit and 4 V are coinciding with C and 
conſequently R with g, becomes EI: EA:: 
EF: FC; and the rectangles under the means 
being the ſame in both pro portions, we have 
ER: £9::KC : FP, A* disjointly qR : gE 

:FG:: r; and by the roportion next 
fore this, ie wp — R is leſs than Fg, 
and — tha 2 C E contrary 
ways from q and C, 41 
ſo in all other caſes. — . 

548. Corel. 1. Putting T.Q: TE: Tq-r: 
1, as in prop. 1, TE or TC =T, and V=r, 
in the concave — we have the exact ab- 


— 2 E For we had EF 


212 —1, 


erration q R == 


EC:: ET: ZA, and diejointly CF: CE Rem. 
| henee-CF 2T 
T2: QE::1:n=—1; whenee CF. 


VF 


, and therefore is magni- * Art. ce 
angles, that is of * An. 100 


* Fact. II. 


146. 
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Fig- 165. 


« 


Fig. 164. 


* Rem. 
746. 


Vig. 165, 


149. 


CHAP, 13, REMARES UPON AR T. 747; 89 
V 553. Corol. 6. When Vis very ſmall we 
V F= — nud tR= FF x 422 „„ 34 7 ver aint bir ens 
7 —1, 7, 33 and conſequently the aberration from the 
2 principal focus T is & very nearly; and R: 
. Lori 14 417: t: 1; that is, if the point of inci- 


49. Corel. 2. Likewiſe ſuppoſing « @ an in- 
cident ray on the convex ſpeculum ac, «ar 
the reflected ray produced, and putting *: te 
211 1, te or tet and cr, we 

— 
— n. 


have the exact aberration g 


m 
For we had ef: ec:: et: ex and disjointly cf 
CO: U: nen +I; whence cf = = 

a 9 —+1 


21m Vc | 
and of = 8 23 


m1 ” 

550. Corel. 3. Theſe aberrations, by divid- 
ing an unite b the denominator of each frac- 
tion and multiplying the quotients by the nu- 
merator of each, may be turned into theſe ſe- 


. 2 3 — — 
I FT das : 


5753 wort © — . ov 
8TT — &Cc, 972 m * ”m , 47 


1 1 <3 
1 „— w &c. 

m 87k 
5 51. Corel, 4, Compleat the rectangle AV RY, 
and while the point 4 deſcribes the quadrantal 
arch CA A, the point Y will deſcribe a curve 
Y, continually convex towards its tangent & 
wn — to the axis 0. For, we 
had 9 R => * 2E“, in which 4 is given, 


8 
and the ratio 75 increaſes continually. 


72. Corol. 5. Likewiſe if x be the focus of 
incidentrays, as x a, on the part of the ſpecu- 
lum zacz which is convex towards «, the 
curve gy, deſcribed by the angular point y of 
the variable rectangle awry, will be continual- 
ly convex towards its tangent gx, drawn per- 


Vc 


pendicular to the axis gc. For we had 71 


x ge®, which increaſes continually ad infini- 
tum till the point v arrives at /, and then de- 
creaſes, T two curves belong to the third 


dence be given and the poſition of the ray be 
varied, its aberrations are as the ſquares of their 


diſtances from the center of the ſpeculum very 
nearly, 


PaeorosrtTion II. 


Things remaining as in prop. 1, if the relation 
among the focal difltances I, t and the number; 
m, n be expreſſed by this equation nn — "nfs 

1 
m — i 

— — . t, the laſt image of the obje# will 
be more diſtindt than if thoſe quantities T, t, m, n 
aausre ſome other ways elated 

554. Any 7 ray QA being reflected , 
into the lines 4 a, 48, ſuppoſe another ray 24 lis *56 
flowing from x, to be reflected into the line. 
a, and let aA and a be produced backwards 
till they meet the axis of the ſpecula in R and 
r ; then ſince the aberrations g R, gr tend the 
fame way from q *, if they were equal to one „ , 
another, the rays Aa, aa, and alſo aS, ax, $46 
would coincide ; and ſo the ray 2.4 would be 
reflected exactly to x, the focus of the neareſt 
rays to the axis. ; 

55. Now the firſt ratio of the aberrations 
R, qr, is expreſſed by the irſt terms of the 
two ſeries found above“, and by ſuppoſing * Refs 
i“ 15% 

m 


— 1 02 9 .- 

77 47 „ 7 

— 2 

2 7 t: i , 7“. Whence 22 — 1*, T * Rem. 
mmm 1 | wy 

= t. Therefore when the relation of 


mm 
m, n, T, t is expreſſed by that equation, the ex- 
act aberrations R, qr, which ſet out from g 
with equal velocities of increaſe, will continue 
more nearly equal, during a ſmall increaſe, than 
if they had ſet out with unequal velocities ; and 
ſince the diminution of Rr (by reaſon of the 
equal angles raR, « a4, *aS,) diminiſhes the 
aberration S, the laſt image = « will be more 
diſtinct than if the quantities 7, 1, u, # were 
ſome other ways related. 
556. Corel. 1. Hence if either of the aber- 
rations R, gr. belonging to any given ſemi- 
e 2 be made ſmaller, their difference 
Iſo become ſmaller. For ſince the firſt 
ratio of the ſubtenſes, XI, X, of the angles 
of — at q, was made the ratio of — Wy 


thoſe terms equal, we have #—1 


2:2: J:: 


* Rem. 
156. 
Rem. 
548. 


® Rem. 
' $46. 


Fig. 167, 


* Prop. 2. 


Rem. 
144. 


90 
the curves 31, % have the ſame curvature at 
35 which, if diminiſhed, will diminiſh any gi- 
ven ſubtenſes X, X, and alſo their difference 
Yy or Ry; as is eaſily underſtood without far- 
ther proof | 

657. Corol. 2. Conſequently, ceteris paribus, 
the appearance of the object will become diſtinct- 
er by diminiſhing . For it will become diſtinct- 
er, ceteris paribus, by diminiſhing the aberration 
28, which decreaſes with Rr, which decreaſes 
with q R, which decreaſes with x, as appears by 


. - * 5 . 
this expreſion of qR= Pr. hw 
= 57 


PROPYOSIT IO III. 

Things remaining as in prop. 2, if the ppecula 
Fave equal focal diftances, the uſe of their inner- 
moſt parts, which ou truer * than the reſt, 
will be freſerved in both. 

558. Fhe lines 24a B= being the courſe of 
the outermoſt ray, let 24 produced cut the 
tangents cds, CED in d and D; join D g cut- 
ting the former tangent in a, and &« x cutting 
the latter in 8, and 8 ꝗ cutting the former in . 

59. By inſpection of the figures it appears 
that ca and CP are ſomewhat longer than ca 
and CB, and conſequently that a hole at C 
whoſe ſemidiameter is equal to C, may be 
wide enough for collateral pencils to paſs thro? 
to the exterior parts of the image at «. 

560. The ſemidiameter of the hole in the 
convex ſpeculum muſt be equal to cd, for cd 
will differ inſenſibly from the arch ch cut off 
by QA. when yy ſmall ; and fince the in- 
nermoſt ray that deſcribes the line will be 
very nearly reflected into 87, if cy happens to 
be ſhorter than cd, this ray will be loſt in the 
hole at c; and fo will all thoſe that fell on a 
zone of the concave, whoſe breadth 83 is de- 
{cribed by the angular motion of the line 8 7 q, 
about the point g, till / coincides with 4. 

56. On the other hand, if cy happens to be 
longer than ed, a zoe of the convex ſpeculum, 
whoſe breadth is yd, will become uſeleſs. 

562. Therefore to preſerve the uſe of the in- 
nermoſt parts of the ſpecula, Which reflect truer 
than the reſt, we muſt have cy c as it will 
always be if the focal diſtanges of the ſpecula be 
. to one another, and conſequently nm — 3 
mm — 1, 


mm 

563. For the ratio of cd to cy, being com- 
pounded of cd to CD, CD to ca, c to Ca, 
Cg to cy, that is, of c, to C2, C4 to 6g. 
cx to C, Cgq to cg, will come out a ratio of 


equality by putting T=z= 1, in the values of 
theſe terms ®, and 22 12 . 


, Where 


REMARKS UPON ART, 741, BOOK 2; 


convenient for the reduction of the compound 
ratio. | * | 

564. Corel. 1. When the ſpecula have equal 
focal Utans the quantity of incident light, 
is to the part loſt in the holes, as 1 ton —1 


_ — nearly. For it is in a duplicate ratio of 


CD to Cp nearly, or of C D* c, to ca Xx C8, 
that is of C Xx ex to x C, or of E 


X — 1 wn” — — 2 1“, or o * Rem, 
mm 1 I An — 1 1 
1 tO. === — — Or * 


—1 
m 
$65: Corol. 2. Therefore if the angle CA 
and conſequently the quantity of incident light 
be given, the part loſt in the holes is as #— 1 


— nearly, and therefore is diminiſhed by 
diminiſhing = or ; for they both decreaſe to- 


gether ; becauſe »n — 1 = =— 1 
mm mm 


whence n= Ä 2 — ih ; 
mm 
566. Corol. 3. Therefore to ſave light and 
improve the apparent diſtinfueſs of the object, 
I have aſſumed the ſmall numbers 5 and 4 ſac- 


ceſſively for n, and taking # = v/ 2 —— have 


computed the dimenſions of the Iſt and IId mi- 

croſcopes in the Table, from the rules in cor. 

2. prop. 1, taken in the following order: where, 

putting T=?=1, we have Cqz=n—1, qc 
m— 1 


==, eC=Cg—gc; C2= = Cg.ct, 


=C2—Cc,c*x=m=—1, Cx=cx—cC; 10 
1 
——— x x}, and the diameter of a hole in 


1 
a plate next the eye at o= = 28, 
C * 


567. Corol. 4. To ſettle the ſize of the holes 
in the metals, it is neceſſary to aſſume the ratio 
of CD to C, for which I put 1 to 3 in all 
the microſcopes, judging the reſulting angle, 
C92D, of 18. 26. 065 to afford light enough 
to magnify the object about zoo times, or 
more, ſuppoſing, in prop. 1, the line d=8 
inches. Hence by ſimilar triangles we have c 


cq x LIFE 
= 7 x CD, C8= — X ca, Sling: +" ba 


Cs and ed = eZ CD; the two lat, by 


coming out equal, as they ought *, will verify „ Ren. 


the calculation, a 
Reflecting 


— 


— — 0 


CHAP. 13. REMARKS UPON ART, 741. 
Reflecting compound microſcopes. 
—_— I. II III. IV. 
gn m | 5- 4. 5.7895 5 
„1.4 1.39194 1. 39194 1.39464 
CT I, r, 1. Is 0320 
1 ct YI 1. 1. 1 
— — — — —— 
c 9. 1143 0. 0705 3. 0020 o. 1007 
18 1. 6 1 1. — 1. 6558 1. 6712 
| Cx 2. 4 1. 3581 1. 1237 2. 3288 
CD ho. 5714 o. 5725 I. 5728 o. 5906 
c fo. 1905 o. 1795 3, 1763 o. 1912 
| CS Jo. 1143 o. 0813 3. 0716 o. 1113 
e lo. 0381 o. 0225 2, 0220 o 0360 
e Jo. 0381 o. 0225 3. 0209 o. 0333 
—— ä — D w— 
| I 0. $143 o. 5703 9. 4545 0. 5104 
gh Jo. 0343 O. 0222 0. 0189 o. 0323 
— — — — — —— 4c. — — —W——————ͤlʃ — ————— 
Mag. power] zoo times zoo times zoo times [300 times 
x/ Jo. 1867 o. 48; o. 1407 o. 1859 
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568. Corol. 5. The quantity of incident light, 


the part loſt in the holes and the reſidue, are 
as the verſed fines of 
and the difference of 
theſe fines. For the arches of any given circle, - 
that ſubtend theſe angles, being tuned about 
C2, will deſcribe two ſegments of a ſpheri- 
cal ſurface, proportional to the incident light 
part loit ; and fo the reſidue ot light 


to one another exact! 
the angles C DD, C 


and the 


will be as the difference of the ſegments, or 


of the verſed fines of the generating angles, by 
Archimedei's Theorems on the Sphere and Cy- 


er, 


* 


M 2 


ble microſcope, 
the ho). 57 5 

569. Let the outermoſt ray 2.4, or any o- 
ther that makes a given angle with the axis, 
be reflected into 4 and aS, to which laſt let 
xA be perpendicular; then joining a, I call 
IA the angle of aberration at the eye-glaſa, 


whoſe fine, to the radius 1, will be 
AV Rr 


PROPOSITION 


Having all the dimenſions of a refle#ing dou« 
to find the angle of aberration at 


x — very nearly. 


42 1 4 


IV. 


— ] ADE > GIN 


570. For let ro be perpendicular to Ra4, 
and by the fimilar triangles Aa, ro a, and al- 
ſo roR, IR, we havexa:ro::ax:ar:: 

rann :e: e:: : I and the ſame ro 
S Excl. VI. :rR:: AV: AR, or in a compound ratio of 
4 4: 42, and AD: ARorEQ; ERL, or 
* Art. 204. EQ Eq*, or 1: . Therefore xa:rR:: m 
4 q 4s 
| m 
x AV: n» AQ; whence A _ T9 * 


R Phaſe e 
R 18 1 1 
571. Coral. 1. In different microſcopes = 
angles of aberration will be very. nearly as = 
if the quantities of light or the angles 42 C, and 
the magnifying powers be the ſame in all. For 
then the ratio's of AY ta 42, and of to 
Rem. 4nm* and to mn are the ſame in all. 


$43, 572. Corel. 2. Hence if the reſidues of light 
in theſe microſcopes were equal, that woulg be 


R 
the beſt of them in which = is the leaſt. For 


the apparent brightneſs of the object, being as 
the reſidue of light directly and the magnifying 
wer inverſely, would be given; and there- 
re that microſcope. would be the beſt which 
ſhews the object moſt diſtinctly, or in which. 


25 , and conſequently the angle of aberration. 
at the eyc-glaſs, is the leaſt; ſee. Art. 344 and 


3» 
575 Corol. 3. Now Rr, being the diffe- 
rence of the aberrations g R, gr, may be thus 
computed, 


very nearly. 


Ys. 166. 
a 2-+R 
_—— ang. 2 very nearly, and 263 
ver. fin. ang. E 
"TT 
chad. 
Rem. 2 7, which gives ꝗ R . 
548. 2 T + 2 — I, V 
575. 2. In the triangle Ras, fin. ang, $ = 
R—S 


Dang. E, and CV or 


2 fin. ang. R very nearly, and ang. 


ver. ſin. ang e 


a 1 2 
CET) f, v 
m %* 


> Ken, 5 5 — __—_i_s 
Which gives qr.= m —+ I 
$49» 33 — 1 


576. 1. For in the triangle QA R, fin, ang. 


REMARKS UPON ART. 741. 


574- 1. In the triangle 2A R, ſin, ang. R 


. BOOK 2. | 
R: fin. ang. :: DA; AR®P :: AE: ZRV At. 125 
WT . | T ® Eucl, yt, 

577- 2: In the triangle Ras, fin. ang. &: 3: 
fin. ang. R®*:;::aR:aS$*::eR:e8*::eq:, 
ex*:: 1: m, and the ang. R ae = ang, 


. os Art. 
and aeR (a R Ra = R — ==) * 


222 


2 | | 
578. Corel. 4. If greater exactneſs be judged 
neceſſary, we may compute Rr by theſe rules. 


579. Puta —=, and- 0 to: 1 for the- 


- ratio of the radius to the tangent of 
angle 4 C9, then taking 


21—2 TT 77 24 : 
27 D we have CE 
E= Cor , which gives qR as above. 


* 1, Tb 
7 42 


21 | 
and r= _— -, then we have cv or 


580. 2. Putb=qR and g= 


2 24t+7—2% 4 41 +rt—xrr liel 
I +0g- 
gives 47 as above. 
587. For 1. TE: EA:: 2: 1, whence 
EQ==—= T=aT ; put = chen QY 


x — 427 


=2—aT:VA4::0: 1, whence VA * 


But F7* +Y2* = TF®*, that is 


aur. which by . 


duction gives z or E as above. 

582. 2. RV=gC—qR—CY=n—+1,T 
—8 <P, and RAC -R -C = 
tb -er v. Again , 47 
and av* =u, If and by fimilar triangles. 
NN Fes 2 — 
2 1 = 
AV* . aw? * 
by reduction gives wv as above. 

583. Carel. 5. Sin. ang. S: ſin. ang. O:: 1. 
un, very nearly by cor. 3. 
584. Corel. 6 Therefore in the IId micro- 
ſcope the ſemiangle of the pencil at & is but 
30. 157. 20”, and conſequently the eye glaſs needs 
{o ſmall an aperture that it cannot ſenſibly in- 


+ See Fuclid VI. 3. For, by a like demonſtration, a line ae, which biſects the ſup ement 
of the vertical angle « ar, and cuts the baſe zr produced, gives two ſegments e », er in the ſame 


ratio as the ſides ax, ar. 


orcaſe-- 


Fig. 166, 


* Rem, 
571. 


Fig. 166, 


168. 


Y Rem, 
148. 
solution. 


creaſe the aberrations cauſed by the metals; 
whereas the aperture of the obje&-glaſs of a ſin- 
gle microſcope; to give the ſame light as ours 
does, muſt be fufficient for receiving a radiat- 
ing angle, of 189. 26'. 06", equal to I which 
is 5, 567 times greater than the angle S. So 
that here is a great advantage over a ſingle mi- 
croſcqpe, beſides that our image is 5. 567 times 
greater in diameter than the object and almoſt 
31 times greater in ſurface. 


PrxorostTreNn V. 


To improve theſe microſcopes by diminiſhing the 
angle of aberration at the eye-glaſs. 

585. The curves qY, gy, according to prop. 
2, have the ſame curvature at 3 conſequently 
while CA increaſes uniformly, tho' Yy or Rr 
began from g to increaſe with the leaſt poſſi- 
ble velocity, yet ſince it increaſes continually 
with 4 it will become pretty large, and ſo 
wt 22 1 es */A, which is as 

r, W e light, the magnifyin wer, 
and the number , are given . ME: 


585. But if we retain the curve g7, as gi- 
ven, and alter gy fo as to croſs 3 in any in- 
termediate point æ, as repreſented in Fig. 168, 
then though Ty will begin at g to- increaſe faſt- 
er than before, yet it will ſoon arrive at its 
maximum and then decreaſe till it vaniſhes at z, 


and after that will increaſe again, but not to fo 


great a __— before, when it increaſed 
continually, ſuppoſing the ſemi-aperture 4 C to 
be the ſame in boch caſes. 

587. In like manner the angle of aberration 
4, which here alſo is as Rr or Hy, will firſt 


increaſe and then decreaſe to nothing, and then 


increaſe again on the contrary fide of the axis 


213 and conſequently cannot be ſo great as 


when it increaſed continually on the ſame fide 
of the axis: all which is ſufficiently evident 
froni the idea of the curves ef, % 

588. Let the line z& drawn parallel to the 
ax1s, cut the ſemiaperture AC in «, and com- 
pleating the reftangle zaUR, join & R, 4E, 
Qi then taking the values of 2, T and f from 
the IId microſcope as having a little more light 
in it than the firſt, and aſſuming at diſcretion 
the value of U or CU, the verſed fine of the 
arch Ca, we have the correſponding aberra- 
#17. U - 
2T+n—1,0U_ 

$39. Now to determine a new value of u, 
which when, poſſible ſhall. make gr=q R, put. 
the given =I, and the given quantity 
1, 17—3— CU 
— ——— —— 


= = 4 and having found a 
Proper root x of this equation 


tion g R = 
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93 


— — — 2. 
- op Faxt,at—b—xt—2bt | 


= — take 1 
7 8bxtt, b+xt —4bbit 3 
=— and the buſineſs is done. 

590. For fince mw = . we have — | 
| Man m 

— 12 by; 
| Lan 1 Fee * Rem. 
— 2 —av_ * 545. 
xxtV 


putting 7 =q K, that is, —== b, we 
AL But D =4TU—UU 
ba +xxt _- 
and "av? = 4tv—vo= 4 — 
NE x—+—xxt 
8btt, bx +xxt —4bbtt 


have v 


4bbtt 


= —— ; and 
T er DD 
RU=qC—qR—CU=n—+1,T-b-U; 
and alſo R ge- R = t—b 
1 
bx +xxt © 


bx +xxt, 2t—b—xt_26bt Then by f 


bx+xxt 
D* Ra 
milar triangles we have ==I=== „that is- 
42 U a 


2 2 —.— . QE. J. 


8bxtt, br —4bbtt 
591. Corel. 1. When T=t=1, the equa- 


, U 
tions are ſomewhat ſimpler; q R V. 


1 _—_ S — 
1 —+ 1 E d '/ i 54 _xb +x,2—b— x—2b|* 
UVa 0 bs, bx—4bb* 
6 
x —1 ü 
592. Example. If it be deſired that the halves 
of the light of a ſolid pencil ſhall fall on oppo- Fig- 165. 
ſite fides of the point x, which probably will 
produce a very ſmall angle of aberration in the 
outermoſt rays; the verſed ſine of the angle 
C 2 « muſt be half the verſed fine of the gene- 
rating angle C 2A of the given pencil, by Ar- 
chimedes's Theorems abovementioned*. There--, 
fore- taking this ang C 2A = 189, 26, 06", as 6. 
before, by a table of verſed fines we have the. ' 


ang. C2 = 139. oo“. 260 „ and thence ſin. 
ang. C2 ſin. ang. C RA, which, when, 
5 = 1. 39194, gives C RAe. 18“, 21”, and. 


the. - 


VE 237 oe at Oo 


7 


Art. 222. 


* Rem. 
$91. 


S Rem. 
$44- 


Rem. 
151. 


94 


the ang. Den CE 4 21 19. og. 232 


whoſe verſed fine, to the radius CE=2, is 
0. 0377948 =U. Hence þ=0: 0028811 and 
q — 29.340. i 

593. Now becauſe the difference Re, of the 
aberrations belonging to the outermoſt ray 24, 
is very ſmall, and that which belongs to the 
r:y 2 « is ſmaller ; in order to find ſuch a value 
of x as ſhall cauſe the ray Q to have no aber- 
ration from =, at firſt we may take A as in 
the given microſcope, and conſequently x = 
Mm — 1 | 
——=1.25 and thence approach towards 


the required value of x by correcting the aſ- 
ſumed one as follows. | 

594- Putting y x, b+x, 2 <-b—x — 23 
and z=8b x, b—+Xx— 4bb the equation to be 


=» = 
reſolved has this form q="=®* oryy 1 e. 
Suppoſe the computed yy —gz =p, and if 5 
comes out very ſmall, the value of x was nearly 
right; if not, compute y=2 =, b 2K 
&, x and z=86, b—+2x, and 2 yy—q2 


=þ; then x 2 will be a correcter value of 


x, to be uſed in 8 the work over again 
till p comes out as ſmall as you pleaſe. This 


method of reſolving the equation I take for grant- 
ed, and thus I found x — 4 = 1. 56444 = 


— 21. 


che new x, and therefore m'= 88 


5717 3 but this value of mr being ſo {mall as to 
produce a negative value of cY =qc—=qQ=1 

Cars ZE Sl. therefore re- 

na. o. og8, 1 there fore 
aſſumed at diſcretion a 2 2 of 4 I 
o. 03230 and by repeating me work | 
found another new x"=1. 263891 and mw" = 
3 7895, from which I computed the dimen- 

ons of the IIId microſcope. 


595. Now nis latter value of U=0, 03230 
is the verſed fine 109. 19 to the radius C 
2; and & the « ical periphery of incident 
rays (deſcribed by he ray 2 « turned about the 
axis QC, ) that will be collected accurately to 
"x, lyes nearer to the axis than the periphery 
which biſe&s the whole pencil by 50. 23 12 
In this I fully ſatisfied my ſelf by calculating, 
from the zd theorem in cor. 4. prop. 4, the 
correſponding values of v o, 0030. 805, R 
= ©, o024. 6531 and gr o, 0024. 6524, 
whoſe difference Ri, = 0, 0090.0007, is quite 
inconſiderable. 


— 
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596. The ſemi- of the radiating pencil, 
COA = 180. 26. 06, will afford light enough 
for magnifying the object about 300 times in 
diameter, as I collected from an eſtimate taken 
from the beſt dioptrick microſcopes, and was 
afterwards confirmed in it by an actual eſſay of 
the IVth double reflecting microſcope, hereafter 
deſcribed. An eye glaſs whoſe focal diſtance 27 
is o. 1407 of an inch, will give the IIId mi- 
croſcope that magnifying power “; and hence“ Rem, 
the angle of aberration IA = 39", which is far 43. 
too ſmall to cauſe a perceptible indiſtin neſs, » 

1 in that degree of brightneſs with 
which the object will appear. For in broad day- 
light, ſcarce one perſon in a hundred can dif- 
cern an object, with the naked eye, that ſubtends 
a ſmaller angle than a minute. Beſides, it is 
well known that the beſt dioptrick microſcopes 
do uſually bear an angle of aberration at the eye- 
glaſs of 15 or 20 minutes without much incon- 
venience. 


97. Therefore if the IId microſcope be The revue, 
well executed, we have great reaſon to ex or ry 8 
it will bear a much larger angle of aberration ory. 
than, 39 without inconvenience, and conſe- 
quently a larger apes or angle of the radiat- 
ing pencil, in order to give light enough for 
magnifying much more than 300 times: where- 
as I find that the beſt dioptrick double micro- 
ſcopes now in uſe, do not magnify much above 
200 times with ſufficient light and diſtinctneſs. 


Art, 3). 


Paoros1T10N VI. 


be place of the object and the length of the mi- 
E. i 6 * find its other dimenſions 
agreeably to prop. 2. | 

598. What I call the length of the mieroſ- 
cope is ex =m— 1 * ?, which, by aſſuming r. 
gives „ The given place of the object gives the 
ratio of : Q to c, for which putting r to 1 we 

. 
mm —1 


have the number r. Then putting : for . — 


s 
find the root » of this equation 12 8 


5X7 
=0; and taking T = C z compute all 
the other dimenſions by the rules above “. * Rem. 
8 
599. For by prop 2, we have T «= * 


I 
and ſince ? 2 =tq—+q2, that is, Xx t 5 


77, by ſubſtituting ſor 7 its value, , 
»” 
544+ 
and 


N. 
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The reflet- 
ing micto- 
ſcopes pre- 
ferable ro 
teftacting 
ones. 


some dite- 
ctions for 


* 
1 


and by redu ion, we have the equation a — 
net cant F, 
m | iT 

600. I computed the dimenſions. of the IVth 
microſcope, by the rule, in this propoſition, 
ſome years before I had thoroughly conſidered 
the foregoing method by equal ſpeculums ; and 
having cauſed. an eſſay to be made of it, which 
I have now by me, I found it performed. very 
nearly as well in all reſpects as the very beſt 
refrafting microſcopes, and do nut doubt but it 
might have excelled them had it been more ex- 
actly executed according to the propoſed dimen- 
fions in the IVth column; where the angle of 
aberration, being but 6", 45", is above three 
times leſs than the like angle in the beſt refract- 
ing microſcopeg * : and fince the angle of ab- 
erration of 39 in the IIId column is near ten 
times leſs than that of the IV. we have reaſon 
to expect that a microſcope exactly executed ac- 
cording to thoſe dimenſions, will far excel any 
other yet invented; for the eſſay - microſcope 
wants ditinQneſs rather than light. I will there- 
fore conclude with ſome practical directions to 


culum 3 which therefore muſt be ground flat 
on that fide, and ſo thin that the object may 
come preciſely to its computed diſtance from the 
vertex of the ſpeculum. The exacteſt way to 
determine this ſmall diſtance is, firſt to fix the 
ſpeculums and the eye-glaſs preciſely at their 
computed diſtances from one another; and then 
having made the ſliding plate full thick enough 
at firſt, to file it gradually thinner and thinner, 
till, upon its application to the metal, you find 
the object appears perfectly diſtinct. The flider 
muſt be kept tight to the back of the metal by a 
gentle ſpring. The diſtance of the object being 
thus determined once for all, at other times di- 
ſtinct viſion to different ſorts of eyes, and thro' 
different eye-glaſſes, muſt be procured by a 
gentle motion of the little tubes that contain 
theſe glaſſes. Theſe tubes muſt be made in the 
uſual form of thoſe that belong to Sir 1/acc 
Newton's reflecting teleſcope, having a ſmall 
hole in the middle of each plate, at the ends of 
the tube, fituated exactly in each focus of the 
glaſs; the uſe of theſe holes and plates is to 
limit the viſible area and hinder any ſtragling 
rays from entering the eye. 

602. One way of procuring diftin& viſion 
oy a ſkrew-motion of the eye-glaſs, while the 

yect is viewed, may be eaſily underſtood by 


the figure. The tube of the eye-glaſs is Krewed 
into a ring or collar pg, having a handle 9, in 
which there is a hole at 7; the end of the rod 


turns round in this hole without fliding end- 


ways, and its other end turns and ſlides endways 


in a hole , while the middle part ? works in a 
hollow ſkrew er, made in the handle ? of ano- 
ther collar z x fixt to the tube of the microſcope. 
The knob for turning the rod is at y. Different 
eye-glaſſes mult have different tubes. 

603. The rays which flow from the object 
directly through the hole in the concave ſpecu- 
lum and through the eye- glaſs, by mixing with 
the reflected rays, would dilute the image up- 
on the retina, and therefore muſt be intercepted 
as follows. Let the little hole in the convex 
culum be Sound conical, with a conical tool 
or bit whoſe ſemi-angle is rather leſs than the 
angle C 2D, till the diameter of the larger ori- 
fice, on the poliſhed fide, be exactly equal to 
its computed meaſure 2c 4, and then the nar- 
rower orifice, on the backſide will be rather wi- 
der than a ſection of the principal pencil, made 
by the plane of the backſide ; an exceeding ſmall 
excels above that ſection will give room enough 
for the pallage of collateral pencils equal to the 
principal one. Now let the firſt and laſt parts 
2, of the innermoſt ray 28x, crols each 
other in 5, and let hg, drawn perpendicular 
to the axis, be the ſemidiameter of the baſe of 


rig · 167 
169. 


a conical ſolid ; this baſe being larger than the 


orifice in the back of the convex ſpeculum, will 
intercept all direct rays from the eye-glaſs. All 
the tubes muſt be ſtrongly blacked on their in- 
fides, and ſo muſt the conical ſolid to hinder 
its reflection of rays upon the convex ſpeculum ; 
its little baſe may be made concave, having the 
object © for the center of its cavity, that what- 
ever light it may ſtill reflect, may be thrown 
back upon the object, and its backfide being co- 
nical and blacked all over, will either abſorbe or 
laterally diſperſe any ftragling rays which the 
concave ſpeculum may ſcatter upon it, and fo 
prevent their coming to the eye-glaſs. This co- 
nical ſolid may be held in its proper place by a 
very thin arm, like a narrow blade of a knife, 
whoſe edge is turned towards the object. 

604. Notwithſtanding the interpoſition of 
this conical ſolid, yet when the eye glaſs is ta- 
ken out, you may fee diſtant objects diſtinctly 
through the microſcope, by rays reflected from 
the metals and diverging upon the eye from an. 
image behind the convex ſpeculum. But this 
mixture of foreign rays with thoſe of the object 
is common to all kinds of microſcopes, in view-- 
ing tranſparent objects, and is uſually prevert- 
ed by placing before the object a thick double 
convex lens, to collect the ſæy- light, exact 


ly up- 
on the object. This lens ſhould be juſt ſo broad Fig- 169 


as to ſubtend the oppoſite angle to that "ow? 


Fig. 167. 


* Rem, 
583. 
* Art. 221. 
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Rule for 
the mea- © 
fures upon 
the axis 


a — * 
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which the concave ſpeculum ſubtends at the ob» an arithmetical mean between the two fogal di- 
jet. The annular frame af the Jens-muſt be ſtances multiply the meaſures. in the axis of 


very narrow, and connected to the mi 
two or three ſlender wires or blades whoſe 


planes produced may paſs through the object, 
and intercept from it as little ſły- light as poſ- 


y ſky-light is the beſt for 


Able. 


60 5. A whitiſh 
illuminatin Miete 
quantity of it may be found by holding the mi- 
croſcope at different diſtances from the window, 
or if this light be too faint, by going without 
doors and giving the microſcope different ele- 
vations, that more or leſs of the ſky may be ex- 
poſed to the object. 

606. 'The rule for computing the place and 
breadth of the conical ſolid is this. 22 


x F 5 2 
2 gb EC x Og. For we 
had 1: m:; fin. ang. &: fin. ang. D* :: O 
: bx *®, and conjointly 1 L: 1: : Q: 
when the __ are vaniſhing. Then in the 
triangle » we have g: g O:: tang. ang. 
þ : Radius. The light ſtopt by this ſolid is 
an inconſiderable part of the whole pencil. For 
if jt could poſſibly be conveyed to the eye, in 
the IVth microſcope it would only ſuffice to 
increaſe the apparent diameter of the object in 
the ratio of 51 to 52. In the third microſcope 
the light loſt is not half ſo much as in the IV, 
and therefore would not ſerve to increaſe the 
apparent magnitude. in the ratio of 100 to 101 
with the fame degree of brightneſs. And Mr. 


| Huygens, ſpeaking of Sir Jaac Newton's tele- 


ſcope, ſays , **that by the meer reflection of 
the 0 $52 ſpeculum, there are not ſo many 
rays loft as in glaſſes ; which reflect a conſider- 
able quantity by each of their ſurfaces, and be- 
ſides intercept many of them by the. obſcurity 
of the matter.” 

* Extraordinary care muſt be taken to get 
two ſpeculums exactly ſpherical and exactly of 
the ſame ſphere. The leaſt deflection of their 
figures, even towards thoſe of the conick ſecti- 
ons, though advantageous in teleſcopes, would 
here have a contrary effect, as being contrary 
to the deſign of the preſent theory. That the 
angle of aberration may be the ſame as in the 
Table, the focal diſtance of each ſpeculum ſhould 
be an inch, but ſince it is difficult to figure 
the ſpecula ſo exactly to an inch focal di- 
ſtance, as to ſhit preciſely with the other mea- 
ſures calculated from it; when ' ſeveral concave 
and convex ſpecula are finiſhed by the ſame 
tools, firſt examine their ſeveral focal diſtances, 
by analogy of the methods deſcribed in Art 63 
and 64, if no better occurs, and meaſure them 
by a diagonal ſcale of inches and decimals, and 
couple each concave and convex whoſe focal 


«diſtances come the neareſt to equality: then, by 


Pcs: 
— 


{copical objects, and the due 


Mr. 


hy 


the  ITId microſcope, wiz. 0.0626,” 1:6585. 
1.1337, 0:4545 for obtaining the meaſures of 
eQ,cC, Cs, Qs ſuitable to the preſent ſpecu- 

la. The rule is ervdent by cor.-2. prop. 1. + 

| 608. The ſum of theſe new meaſuzes ofs & Role for 
and e C gives the new C L, and 4 of irfthe Toe er. 
new CD, which being divided by the given hols 
CD =o. 5728, gives a quotient , which be- 
ing multiplied into the given meaſures of E a, 

CB, cy, cd, gh, in the IIId column, gives 

the new ones: So that the new microſcope, be- 

ing ſimilar to the old one in all its parts, will 


have exactly the ſame magnifying power“ and.“ Rem, 


light, and nearly the ſame diſtinctneſs“ as be- 54:+ 
fore, when uſed with the ſame eye-glaſs, 51993 


609. The concave ſpeculum muſt have an 
annular aperture of thin braſs blacked all over ; 
the ſemidiameter AF, of the hole, may be found 
by numb. 1. cor 3. prop. 3 ; or with leſs trou- 
ble by drawing the figure by a ſcale. 

610. If in magnifying much the object ſhould 
appear very diſtinct but not bright enough, mul- 
tiply all the the new tranſverſe meaſures 
CD, ca, CB, cy, cd, gh, by ſome ſmall 
number as 1. 05 or 1 1, and enlarge the aper- 
tures, the baſe of the conical ſolid and the holes 
in the metals according to the reſulting num- 
bers, And if upon tryal the microſcope will bear 
a greater enlargement of thoſe meaſures, repeat 
the ſame operation. Becauſe, if the holes in the 
metals be made too large at firſt, ſome of the 
innermoſt and beſt rays will be loſt in them. It 
may not be improper to have an aperture up- 
on the convex ſpeculum, leſſ the uncovered an- 
nulus ſhould reflet any ſcattered rays to the 


e, 
771 I. In looking over Sir 1/aac Newton's and Sir Iſaac 
Fa. Gregorie's letters, publiſhed * ſoon af. Newton's 
ter I had invented the foregoing microſcope, I choughu 
had the pleaſure to find its conſtruction anſwer- PO" _ 
ed more perfectly to Sir /aac's thoughts upon "9 
the improvement of microſcopick inſtruments ſcopes. 
than any other conſtruction yet, extant. Mr. 
Gregorie, in arguing for the NN of his t Gregs- 
own to Sir 1ſaac Nexwton's reflecting teleſcope; „' Elem. 
propoſes the following queſtion ®. *< But above of opticks. 
« all things I defire to know this; that ſeeing 
« the image made by the great ſpeculum may 
« be eſteemed a ſmall viſible ; and ſeeing Mr. 
« Newton, in the Tranſafions pag. 3080, think- 
« eth it fitter to mak an microſcope, or tube 
« to hold an ſmal viſible, of one concave ſpe- 
« culum and one eye-glafſe, rather than with 
« one ſingle eye-glaſſe, and much rather than 
« with one plane ſpeculum and with one eye- 
ce mo wherefor alſo to look to this ſmal vi- 
« fible the firſt alſo ſhould not be preferred to 
« the laſt,” To this Sir {aac anſwered as ſol- 
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CHAP. 13. 


+ 1bid, pag, lows ®. «© Why I affign à ſmall concave with 


277. 


Application 
to Mt. Caſ- 


« an-eye-glaſs to magnifie ſma]l objects (in Tran- 
« ſaFions pag. 3080.) and yet an eye-glaſs with. 


out ſuch a concave to magnifie the image of 
«« the great concave, is, becauſe that image doth 


% not require to be magnifted ſo much as an 
object by a microſcope ; and further becauſe 
«« the angle of the penicil of rays which flow from 
any point of the ſmall object, that the object 
% may appear ſafficiently luminous, ought to 
« be as great as poſſible; and à concave will, 
« with equal diſtinctneſs, reflect the rays with 
««c greater angle of the penicil than a lens; but 
« in the teleſcope the angles of thoſe penicils 
« are not ſo great as to tranſcend the limits at 
< which an eye-glaſs may with ſufficient di- 
« ſtinctneſs & them : and therefore in theſe 
« inſtramenss I chuſe to lay all the ftreſs of 
«« magnifying upon the eye-glaſſes. In micro- 
«« ſcopes alſo I would lay as much ſtreſs of mag- 
« nifying upon the eye-glals as it is well capa- 
vs ble of, and the exceſs only upon the concave.” 
Since the deſign of this double microſcope is, 
to magnify the minuteſt objects more than uſual, 
it anſwers the end though it ſerves only for 
tranſparent objects; becauſe the minute parts of 
all kinds of objects are tranſparent, as Sir Iſaac 
Newton and others have obſerved. 


G12. Imagine T2 to increaſe till it vaſtly ex- 
TE, and our microſcope will be changed 


fegrain's te- into Mr. * teleſcope, whoſe magni- 


leſcope. 
Fig. 170» 


Att. 60. 


Rem. 
POP. 2. 


Rem. 


14* 


fying power will be as mx TC to I. 


613. For the ap t magnitude is to the 
true as the angle I= to PE AZ or p Eg, or in 
a ratio compounded of x /x to we and of Tex 
or peq to pEq, that is, of ex to »/® and Eg 
to eq, or becauſe the rectangles will be the ſame, 
of Eq to x/and ex to eg orf to c or n toi 
which make the ratio of m * Eq to I, or, 
wy the object is very remote, of mx ET 
to x1. 

614. Here the naſcent aberrations from the 
intermediate focus 3, will become equal to one 
another by putting ct: CT :: : mm—1* *. 
For the number », being infinitely diminiſhed, 
gives nn—1* =1. Hence I collect that the 
ſpeculum ac will intercept the leaſt light from 
AC, when m=3 and conſequently when the 
ſemiaperture ac is to AC, that is, qc to qC or 
TC as 27 to 325; the duplicate of which be- 
ing 729 to _ ſhews that almoſt three quar- 
ters of the incident light will be intercepted ; 
which renders the deſign of a perfe& image at 
x impraQticable, Nevertheleſs though we can- 
not apply a convex ac of ſo large a ſphere as is 
neceſlary for that purpoſe (for ct= 33 CT) yet 
any ſmaller convex, ceteris paribus, is prefera- 
ble to a concave of the ſame fize ; becauſe the 


imperſection of the image u will reſult only 
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97 
from the difference of the aberrations from g in 
the former caſe and from their ſum in the 
latter. | | 

61 8. Hence by making the convex àc exact - 
ly ſpherical, and by inclining the concave AC 


towards a parabolick figure ®, the aberrations in Ait. $04 


the image wr will be diminiſhed, For when 
both ſpeculums are ſpherical, it is eaſy to col- 


le& ® that the aberration qR is to gr as CT to * Rem. 


* 
— | * et nearly, and fince to gain light 


we are obliged to make c: ſmaller than is requi- 
ſite for producing g R equal to gr, it follows 
that 4 R is bigger than gr, and therefore ought 
to be diminiſhed by the method propoſed. 

616. The late admirable improvements in 
the performance of Mr. Gregorie's teleſcope, 
even 
encouraged me to conſider it more 
minutely than before ® ; and to calculate tables 
of its dimenſions, and alſo of Mr. Caſtgrain's, 
in order to farther improvements of both, 


LEMu MAI. 


617. The aperture of the larger ſpeculum 
being given, if the area of the leſſer be juſt ſuf- 
ficient to receive all the rays of the principal 
pencil, and the hole in the larger be not greater 
than this area, the brightneſs of the laſt image 
will be as great as poſſible at its center; but 
will go decreafing outwards though very ſlow- 
ly and perhaps imperceptibly in teleſcopes that 
magnify much. 

618. Let T be the focus and TC the focal 
diſtance of the larger ſpeculum 4BCBA, CA 
its ſemiaperture, C B the ſemidiameter of the 
hole in its vertex, through which the laſt image 
z x of a remote object P A, is projected from 
the lefler ſpeculum a ca. And let the outermoſt 
rays 2.4, 2.4, which come parallel to the axis 
c C and after the firſt reflection belong to the fo- 
cus 7, fall upon the leſſer ſpeculum at @ and a. 
Then the area whoſe breadth is aca will be 
juſt ſufficient to receive all the rays of the prin- 
cipal pencil and toxeflect them to , the cen- 
ter of the laſt image. 

619. Naw if the leſſer ſpeculum were nar- 
rower than aa, ſome rays of this pencil, after 
their firſt reflection would paſs by it and be 
loſt; and if it were broader than ag, it would 
intercept more of the incident rays, which 
would alſo be loſt. 

620. As to the breadth BB of the hole in 
the larger ſpeculum, if it were greater than aa, 
ſome of the innermoſt incident rays of the prin- 
cipal pencil would be loſt in it; and if it were 
leis than aa, whoſe ſhadow is rather larger than 
it ſelf, no more of the principal pencil could 
fall on the ambient annulus, whoſe breadth. is 
_ than if BB were as large as aa, There- 


tore 


ptop. 2. 


Gregerit s 
and Caſſe- 


2 * what its theory ſeemed to pro- grains tele- 
ore {cope farther 


conſidered. 
© 


Tranſ. Abt. 
Vol. 1. p. 


204. 
* Rem. 


137. 


Fig. 171. 
172. 


* Art. 215. larger ſpeculum 40 *; and likewiſe the half 


Att. 215. 


At. 204. 


98 
fore the point «, to which theſe rays are reflect- 
ed, is as bright as poſhble when the breadth a a 
is juſt ſufficient to receive the principal pencil, 
and BB not greater than .aa, which was the 
firſt thing to be proved. 

621. The half breadth ST of the firſt image 
of the half object PD, is terminated by the 
line PES drawn through the center E of the 


breadth wx of the laſt image, is terminated by 
the line Sex drawn through the center e of the 
leſſer ſpeculum ac. 


622. Now to determine the ratio of the 
quantities of light at and x, let the circle 
AGAG be the ſection of the ſphere of the 
larger ſpeculum cut by a plane paſſing through 
the circumference of its aperture 44, and 
Bg Bg another ſection of it through the circum- 
ference of the hole BB, and XK the common 
center of the ſections. In the radius KA take 
KF: ST:: Cet and with the center F and 
ſemidiameter FD, equal to XA, deſcribe the 
circle DG HG. Again upon KF take XF: ST 
:: Cc: CT, and with the center Fand ſemidia- 
meter fh equal to X, deſcribe the circle hg ig. 
Then, I fay, the brightneſs of the point & will 
be to that of , as the annular difference of the 
circles AGAG, Bg Ig, to the ſame annulus 
diminiſhed by the lunar ſpaces AGDGA, 
BghgB whoſe greateſt breadths are 4 D, Bb. 


623. For, drawing the lines aS, 48 and pro- 
ducing them, the one will fall at D within the 
aperture A A and the other at H as much with- 
out it very nearly, becauſe the angles SaT, SaT 
are very nearly equal. Conſequently if the ſpe- 
culum AA were inlarged, and a circular ſection 
of. it of the breadth D H nearly equal to A A, 
were filled with rays that come from P, paral- 
lel to PES, theſe rays after their firſt reflection 
would juſt fill the whole area aca of the leſ- 
ſer ſpeculum, as before, and be thence reflected 
to , which would now be as bright as x. But 
the rays which fall on the lunar part AGHGA, 
without the given aperture 4 4, are wanting 
at r= while x has thoſe of the principal pencil 
which fall on the equal lunula 46064. 
Now by the fimilar 9 40D 2, S Ta, we 
have 4D: ST:: (4a: 417: :) Ce: e; there- 
fore KF by conſtruction is equal to FD, and 
conſequently the center F of the circle DGHG 
was rightly determined. 


624. Again the ſmaller circle bgig, anſwers 
to the ſhadow of the leſſer ſpeculum aca, caſt 
upon the ſection of the larger by the rays that 
come from P parallel, as it were, to FS. For 
the oblique ray ab, being parallel to ES, and 
the line aB to ET, the angle Bah is equal to 
$ FT. Whence, by the ſimilar triangles Bab, 
SET. we have Bb:8T:: (Ba:TE::)Cc: 
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CT; chereſore by conſtruction KF is equal to 
B, and conſequently the center F of the ſaid 
ſhadow was rightly determined. Now = has all 
the rays which fall upon the lunar part B "eB, 
and r wants an equal quantity . 

that part. Hence the proportion of their bright- 
neſs is very plain. 

625. Laſtly by diminiſhing the angle P, 
or SET, the images ST, wx and the breadths 
AD, Bh of thoſe lunar areas are diminiſhed, 
ſo that the brightneſs of w increaſes towards «, 
and differs leſs from that of « as the angle PA 
is ſmaller, that is as the teleſcope magnifies 
more. 

626. For the magnifying power of the tele- 
ſcope is meaſured by the ratio of the angles I, 
PED, the former of which, muſt be nearly 
the ſame in every teleſcope as being limited by 
the breadth of the eye-glaſs, which breadth 
muſt bear a certain given ratio to its focal di- 
ſtance. For then the refracting angle at its edge 
will be of a given magnitude, and conſequent] 
the margin of the viſible area will appear with 
a given degree of diſtinctneſs. And this is the 
reaſon, by the by, that the more a teleſcope 

ifies, the leſs. it takes in at one view. 

27. Corel. 1. Hence the lunar ſpace AGDGA 
is equal to the rectangle 4D x AA very nearly 
when AD is ſmall. Perpendicular to AKA 
draw the ſemidiameter XL, cutting the arch 
DG in M. and FN cutting the arch 464 in 
O; then from the quadrants AKL, DFN, ta- 
king away the common area D KM, we have 
the ſpace ADML equal to MNFX, and by 
adding the ſpace LMG to both, we have the 
ſemilunar ſpace 4 DGA equal to KLGNF e- 
qual to KL x KF or KA x AD very nearly 
when 4D is ſmall. The fame is true of the 
lunar ſpace adjoining to the hole By Bg. 

628. Corol. 2. Hence it is eaſy to collect, 
that the circle 46.40 is to the lunar 
4664, as the quadrantal arch 4 L to FD 
very nearly. 

29. Corel. 3. If the leſſer ſpeculum be con- 
vex and the hole in the larger be equal to it, 
the laſt image may alſo be equal to the hole, 
but not exceed it without ſuffering a farther di- 
minution of its brightneſs towards the margin. 
For, the outermoſt ray PN will be reflected 
into the lines D a, ar; becauſe all the rays that 
come from P belong to the points S, ; and: 
if ca=CB =wx, the line aBw is parallel to 
the axis cC. But if 2 exceeds CB, the outer- 
_ ray as a Will be ſtopt by the ſpeculum 
at B. 

630. Corel. 4. If the leſſer ſpeculum be con- 
cave and the hole in the larger be equal to it, 
the laſt image may be bigger than tha hab but 
not much, unleſs it be projected far beyond: the- 
hole, which would increaſe. the lengch of the 
5 | A L _ © teleſcope. 


Fig. 171. 
171. 
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teleſcope. Por, the outermoſt ray PA will be 
reflected into the lines 4 8b, bw ; and cb being 
leſs than ca or C, the ray bx has room to di- 
verge a little from the axis cC. 


LEZ VMA IL 


631. The hole in the larger ſpeculum being 
equal to the leſſer ſpeculum as before, if this 
ſpeculum be increafed by a ſmall zone whoſe 
breadth is'to half the breadth of the firſt image, 
as the diſtance between the ſpeculum's is to the 
focal diſtance of the larger, the lat image will 
become- uniformly bright ; but ſomewhat leſs 
bright than its center was before, by the loſs of 
as mack light as this zone intercepts. 

632. For, drawing the lines 48, AS, the 
arch aca will cut the one in 3, and if produced 
will touch the other in 4; and then the rays 
flowing from P upon the arch 4 A, and be- 
longing to S after their firſt reflection, will all 
be received upon the arch Sc, and be thence 
reflected to v and by turning the arch cad 
about the axis cT, the ſpeculum ata will be 
increaſed by a zone of the breadth ad, and will 
receive all the- rays which flowed from a circu- 
lar object deſcribed by P 2 turned about the 
ſame axis QC. Now by the ſimilar figures 
Aad, ATS, we have ad: TS:: (Aa: AT:: 
Cc: CT. 

633. A circle Bi defcribed with the cen- 
ter & and ſemidiameter X equal to the fine of 
che arch cd is now equal to the ſhadow of 
the leſſer ſpeculum, caſt upon the larger by the 
principal pencil ; and when caſt by the collate- 
ral pencil flowing from P, its edge n will touch 
the edge of the hole BB. For Bh is nearly equal 
to ad, becauſe” the angles Bah, AP, aAd are 
equal, and alſo the diſtances a, a4 very near- 
ly. Hence every point of the laſt image is e- 

ually deprived of as many rays as the leſſer 

Gerulunt intercepts and therefore is uniformly 
bright. But every point is leſs bright than the 
center «= was, before the addition of the ſaid 
zone, by the deduQtion of as many rays as the 
zone intercepts, 

634. Corel. 1. Hence the former brightneſs 


of the center „ is to the latter, as Cc“ to 


CH —ca*; I mean as the differences of the 


ſquares of the ſines of theſe arches. 

635. Corol. 2. The leſſer ſpeculum dad be- 
ing convex, if the ſemidiameter of the laſt image 
T x be not rather leſs than ca or that of the for- 
mer hole C B, ſome of the outermoſt rays of 
the moſt oblique pencil, now reflected from ad, 
will be ſtopt at F. 

636. Corol. 3. Rut if the leſſer ſpeculum da d 
be concave, the laſt image w may continue e- 
qual to, or rather bigger than the faid hole BC ; 
becauſe the ſame ray b@ is till the outermoſt 
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of the moſt oblique pencil; the additional ray: 
reflected from a & to x being here on the inſide 
of that pencil. 

637. Corol. 4. If the breadth of the hole be 
made equal to the increaſed breadth 4d of the 
leſſer ſpeculum, whether concave or convex, 
the laſt image tho? leſs than this hole, will be 
rather brighteſt in its center ; becauſe thoſe rays 
of the oblique pencils which fall on the lunar 

of the hole, explained above, will be loſt 
in them. Bat this loſs is almoſt inconſiderable, 
in compariſon to what was loſt before by the 
larger lunar ſpaces 4 G6 D GA. F 


LBE uu A III. 


638. Inſtead of a ſingle eye-glaſs, adapted to rig. 173. 


theſe Nat to ſubſtitute two, which, with- 
out altering the apparent magnitude of obj 
ſhall ſomewhat — the "ible area · _ 

639. Suppoling the focal diſtance I of the 
ſingle eye-glaſs / : to be given, if towards the 

culums we take /m=2/x and Ia =I In, 
and inſtead of the glaſs IA we place two other 
convex ones at and x, whoſe focal diſtances 
are Im and I reſpe&ively, the teleſcope will 
magnify juſt as much as before: but the viſible 
area will be ſomewhat diſtincter and freer from 
colours about its margin, and therefore may be 
ſomewhat enlarged if it were ſufficiently diſtin& 
before. 

640. For biſeQing m7 in g, we have 92 = 
#1 by conſtruction, and taking mf= ul, we 
have , to an and xm: to 9 as 3 to 1. There- 
fore the rays of the principal pencil, which by 
reflection tended towards x, will be refracted 


through the glaſs n to F and paſſing on to * Ag, 233. 
m 


the glaſs u, will emerge it in paralle] lines 
as requiſite for diſtin viſion. 

641. Hence by the glaſs m the image T7 « 
will be contracted to pg, terminated at p by 
the line mr. Therefore joining p, we have a 
triangle p iſoſcelar and fimilar to mw 4, and 
therefore pn parallel to . Conſequently, to 
the eye at any place o, the object will appear 
through the glaſſes n, 1 under an angle equal 
to png or , that is, of the ſame magnitude 
as uſually through the ſingle glaſs J. 

642. Biſecting J in o, the eye at o will ſec 
the largeſt area at one view. For each pencil 


of rays reflected from the e ſpeculum to 
the leſſer, takes up nearly its whole breadth aca 


and therefore a ray of each, reflected from its 
middle point c, is nearly the middlemoſt ray 
of each pencil; conſequently the eye will re- 
ceive all theſe middle rays, if it be placed at 
their focus after refractions through both glaſſes, 
which focus might eaſily be found. But ſuppo- 
ſing ag to be that ray af any oblique pencil, 
AA min a. line parallel to 

2 1ts 


” Rao du - 
gli- 


* Rem. 
39 3s 


see Newr. 
Opt. Lect. 
P. I. ſec. 2. 
n. 29. 


Hole ia the 


oO 
its axis; after refraction it will tend towards 4, 
the principal focus of that glaſs, till meeting the 
glaſs u, it will emerge from it in a line h pa- 
ralle} to an, and will biſe& In in o; and ſince 
all the rays of that pencil will emerge parallel 
to B and exceedingly near to it, we may take 
this point o for the 4 

of a little hole in a thin plate hercafter to be 
mentioned. | 

643. Now ſuppoſing the glaſſes m, n were 
taken away, the ſaid parallel ray ag would 
fall on the ſingle eye-glaſs 4/ at 4, and be re- 
frafted into 47 parallel to w /, to which all the 
reſt of that pencil would alſo go parallel. 

644. But the viſion cauſed by the ſame rays 
is diſtincter to the former eye at o than to this 
at i, hecauſe the ratio's of the _ comp capt 
the reſpective apertures of the glaſſes m, », that 
is, — to mg and /» to 15. are ſeverally 
double“ the ratio of the focal diſtance to the aper- 
ture of the glaſs /; that is, of Ii or /x to Il. 

645. The diſtinctneſs will be farther promo- 
ted by making the glaſſes , =» ptano-convex 
and placing their plane fides towards the eye: 
ſo that their ſecond refractions of the rays, in- 
to air, which contribute much more to the 
productien of colours than their firſt, may be 
leſs than they would have been in a contrary 
poſition of the glaſſes. For in the common 
experiment with a priſm “, if it be turned about 
its axis that way which makes the rays emerge 
more obliquely out of the ſecond refracting ſur- 
face, the ſun's coloured image on the wall wilt 
ſoon become an inch or two longer, or more; 
and if jt be turned the contrary way, ſo as to 
make the rays fall more obliquely on the firſt 
furface the image will ſoon become an inch or 
two ſhorter 3 the reaſon of which might eaſily 
be ſhewn by theory. The proportions and 
places of the glaſſes m, 1 might be variouſly al- 
tered but. with little difference in their effect. 

646 Corol. 1. Let the outermoſt ray args, 
of the principal pencil, cut the glaſſes , = at 


plate next x and i, and ſince gu gn we have ns =(mr=) 


the eye. 


ae. Now. it is eaſy to underſtand, that 


»c 
5 is the ſemidiameter of the little hole to be 
placed at o, through which the principal pencil 
and all others, as: having originally the ſame 
breadth or baſe at the ſpeculum aca, will juſt 
paſs; and conſequently, that all foreign rays 
which paſs by the circumference of the ſpecu- 


lum aca, conſidered as belonging to 


Hole in the 
plare that 
limits the 
angle of 
nikon, 


ncils of 
a broader baſe than aca, will fall wide of this 
hole and be ſtopt by the plate from coming to 
the eye. But to receive all the rays of the pen- 
cils made to diverge a little upon the eye, eſpe- 
cially of a ſhort-ſighted perſon, the hole at 0 
muſt be ſomewhat enlarged tho? very little. 


647. Corel: 2. By placing the center of a 
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ce of the eye, or rather 


* 


er hole at g, whoſe ſemidiameter is p 


h | 4. the 
ambient plate will intercept ſome ſtragling rays 
reflected from the imperfe&t margins of the ſpe- 
culums; and by circumſcribing. the laſt image, 
will limit the viſible area, and angle of viſion, 
to ſuch a ſize as the glaſſes will permit, with- 
out ſhewing it too much coloured about. the 
margin. 0A ; 
648. Corel. 3. Hence in any given teleſcope 
we may find the half angle of viſion png (in a 


groſs manner): by meaſuring the diameter of the 
le which circumſcribes the image at q, and 


the diſtance between the glaſſes, , =, whoſe 
half is gz, or, rather by finding the focal di- 
ſtance 2 of the glaſs , by the ſun's rays. Then 
8 22 

gn 
dius 1. But this angle may be found more ac- 
curately by the time of a ſtar's tranſit: over the 
teleſcope when fit. 

649. Corol. 4. Hence alſo we have the place 
{ and focal diſtance-/x of a ſingle eye-glaſs 
which will magnify. juſt as much as the two 
given glaſſes m, 2. For « being equal to ae 
is given by meaſuring ac, and I= xx a: qu: 
9, that is, in the ratie of the radius to the 
tangent of the half angle of viſion found before, 
and m = 2 x by conſtruction. - But. this ſingle 
glaſs may be found more exactly by the magni- 
fying power as ſhewn hereafter. 

G50. Corel. 5. Hence alſo. we have Ts tho 
diſtance of the: image r= from the focus of the 
object · metal, by meaſuring TC and. Cm: be: 
cauſe T ICN Cn 


een 


651. In a given teleſcope. of Mr. — rie's or 
Caſſgrais's orm to find the angle of aberration. 


the tangent of the angle png to the ra- 


Applica- 


tion ofthe 
theory to 2 
given tele. 


ſcope, 


65 2. Put forthe foeal diſtance CT of the Fig. 174+ 


obje&t-metal, s for the fine, & of its ſemiaper- 
ture AC, e for the focal diſtance of the fingle 
eye glaſs /, = to 1 for the ratio of Tx to TC, r 
to 1 for that of c to c 7; then ſuppoſing the 
outermoſt ray Q ga rx, that comes parallel to 
the axis, to croſs it in q and r and the laſt 
image E in x, and a be the tangent of the re- 
quired angle of aberration *1%, we ſhall have. 
4 ins. Xp ee 


8dde r 7? 


„an meien. 77 


653. For ſince Ty and «r are the ſucceſſive 
aberrations of the outermoſt ray from the firſt 
and ſecond focus's T, x of the innermoſt rays, 
taking 4 for the conjugate. focus to. q of other 
rays reflected from innermoſt. points of the 
leſſer f 


in Gr egort 8 teleſcope, 


th:tx::tT: ty, and disjointly 4: * 
| 877. 


175. 


Fig. 17 


um ac, We have : te: e An 207. 
and alſo f: c:: tc: T, and conſequently.® „ Fucl. VI. 


14. 


7. 
* 


Att. x04» 


Rem. 
5. 


* Rem. 
46. 


Att. 204. 


Rem. 
173. 


*-Art. 204. 


Fig. 175. 


CHAP, 73. 
79, and alternately tx: Tq::(th:tT:: tn 
3+ Los 1 7: 74 f: rr: i; becauſe : te 
: fc: T:: (Ac ore: Ic Tore:: 
: i by conſtruction. Therefore 4 4. 

654. I.et a ray za come parallel to the axis, 
and let F be its aberration from the focus z, 
and fince 47 is the aberration of the ray qar 
from the focus 4, we have kr : u: — 1:1; 
becauſe - we had tx: corte: : 7: 1, and diſ- 
jointly ex-ore4:et:;r 1:1, Hence 47 
I X tu 

655. Therefore ſince &r and es, the verſed 
ſines of ca, tend contrary ways from & and c ®, 
in Gregorie's teleſcope we have the whole aber- 
erration x7 = bx + kr==rr x Tq mr 1 
* 1 

656. In the conſtruction we put Tx: TC or 
d.:: 1:1, whence T dz we allo put c.: 
T:: 71: 1 and Uisjointly T: T:: — 1:1, 
whence T ge and ex= =, and by the 
ſimilar figures gar, gA C ®, we have ac: AC 
or :: (eg: Cq::)rcicT: rt ri, whence 


ac = We had alſo rc: T: 271 1 and 


conjointly c: cT ord::r:r +1. Whence 
ndr 
14 — XT= — 


* 
657. Now the aberration 12 * 
n e ee ere e 
L S 
1 — 1X21 1 9 FAl | 
Nr dr en i ne 
longitudinal aberration xr = (rr N Tq—+r — 1? 
14 211 — 144 
1 12222 — KT — 
a ve) = * 


Ft 
114221. 


* a f 
658. Laſtly, by the ſimilar figures x xr, car 


we have x: :: (ca:: : ca: c, that is, 


” 4 
22 ae eee the lateral 
— 121 


aberration x» = 5 FA " 
1 F 


, 4 MS 
a=( =) 777; HN. 
059. By reviſing the computation with re- 
gard ta the, other figure and changing a figr or 
two, it wall appear, in .Caſſegrain's teleſcope, 


that a - 
— — Xx 7 — * 
577. 1 For now xr = 


x 
4 — fr, becauſe the verſed fine cx and conſe · 


REMARKS UPON ART. 741. 


the aberration r are moved to the Rem. 


other tides of c and . Q. E. J* 


660. Corol. For the magnifying power of 


146. 


the teleſcope put m to 1, then „A and in * Rem 


25 16 : 
Gregorie's, a= x1 + = j and in Ca/: 
” wad * 1 $3 20” * 
ſegrain's, 27 * 1 == 2 


PROBLEM. 


612 


To. compoſe a_teleſcape. of Mr. Gregorie or 


Caſſegrain's form, which being of a given length, 
Hall have a given angle of wifion, and ſhew cb; 
jecti with % ag egree of brightneſs and di- 
flinctneſi, magnified as much as theſe given 


conditions can permit. 


661. The algebraick expreſſions of the given 
degrees of apparent brightneſs and diſtinctneſs 
may be taken from a given teleſcope of Sir Iſaac 
Newton's form, or rather of either of the forms 
ae ed. In the given teleſcope let 4 be the 

If breadth of the larger ſpeculum, B that of 
the leſſer, that is, half the leaſt breadth' of the 
oval plane if Newten's' teleſcope be made choice 


of, andMto1 the ratio-of its magnifying pow- 


er; and for the quantity _ I 22 put b, 
which being as the apparent brightneſs in the 
given teleſcope *, may be retained in the tele. 
cope required, or be increaſed or diminiſhed in 
the. ſame ratio as this given degree of apparent 
brightneſs is intended to be increaſed or dimi- 
niſhed. In the teleſcope required, to the radius 
1 let @ be the given tangent of the propoſed an- 
gle of aberration, which likewiſe may be the 
ſame and conſequently the diſtinctneſs the ſame 
as in the given teleſcope, or different at diſ- 
cretion ; and v the tangent of half the propo- 


Att. 348. 


Fig. 171, 
172 


ſ& angle of viſion; 4 the given focal diſtance 


CT of the larger ſpeculum ABC, « the given 
place of the laſt image formed by the leſſer 
ſpeculum ac, and x to 1 the given ratio of T « 
to TC. | 


662, Caſ. 1. In G gorie's teleſcope having Solutions 


+ 
computed a number c el find the 


greateſt affirmative root 7 of this equation, 
3 5 — — 


f n 
II X 7 apt} —- 
rr 


— — 


* 1 2. and in C T produced taking 
nd , * 
Tem ., and back again f — x Ter 


the point c will be „ 


x1 — 17 — e o Fig. 17... 


- 
fo 
hd 

— 


forus of the fmaller concave ſpeculum ac. 
ſemiaperture of the larger concave will be 


47 — CA. and chat 


— — n 


102 
he 


J 1 „ 74 
rr 


of the leſſer will be —— x CAS ta CB 
Sr, and the focal diſtance of the eye-glaſs 
will be = x wzz=x/. This teleſcope will 


ſhew objects as required and magnified in dia- 
meter in the ratio of - x d to. 

663. Caf. 2. In Caſſegrain's teleſcope hav- 
. 641 aa 
ing computed the number c = ST dd, find 


the greateſſ affirmative root 7 of this equation, 


rr X 6.5 PR renz - 
77 Pop 1 ws n 


nnn 


Fi 4 
. „1 = e, and in TC taking Te=>— 


11 
and back again co =—— x Tc, the point c 


will be the vertex and ? the principal focus 
of the convex ſpeculum ca. The ſemiaper- 
ture of the concave ſpeculum will be 


ay 822 


— CA, and that 


UVXr +1 X Þ en If a. — 
* 


of the convex will be ,— x CA=ca=CB 
Sl ad the focal diſtance of the eye-glaſs 
will be = This teleſcope will ſhew 
jets as required and magnified in the ratio of 
3x dto x). J ech 
664. Caf. i. For fince 1:5: 7 Cor 4: T., 
ve T» i we E alſo? x, tc, 3 
nual proportionals in ſome unknown ratio, ſup- 
bs hae FFF > to 1. Hencecx:cT::r:1*, and 


jomtly T =: 7 


c::r—1:1, whence Te 


8 


— Again, fcc c: 7: : : 1, conjoint- 


— 1 

Wy we have tc: Terri! r +1, whence c 

— a Th. \c- 
Bil Let thiv'requized ſemiaperture CA = 5s 
66x. the i , 
Att. 204. then by the ſimilar ® figures acT, 40 7, made 
dy the reflection of the outermoſt ray 4 Ta of 
e principal pencil, we have ac:cT::(AC: 
CT: 1) 5:4, whence a= .. Taking this 
for the half breadth of this ſpeculum, and the 
Hole's half breadth C B equal to it, the center 
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ble ®, and the quantity of light in it will be * ken, 


as AC? —_ ac = { Tac X — ac = 617. 
— — — VDV 1 


* 4 ns * 
121 121 121 


1 X $5. 

1—1 

666. Ire atid tot as the appr 
rent magnitude to the true, that is, in a ratio | 
compounded of TC to x/ and ex tote“; then Rem, 
we have : 1: r* 4: 1 e, whence man 14406: 
rd 


7 f 
667. Now the apparent brightneſs of the 
77 „ 


AC — ac 


center of the viſible area, is as = Af. ;(x. 


—— ᷑ ͤ 


7 ee 


* — x — . For the 
121 rape 1744 


rule here quoted, being not confined to any cer- 
tain magnitude of the viſible area, holds good 
of its center conſidered as an area diminiſhes 
to a phyſical point. Therefore putting this va- 
lue of the apparent brightneſs equal to 6, as ſet- 


tled in the data, we have 5 = e * 


which I ſhall call the 


I + 


. eess 
—_ 2 
firſt equation. | 

668. For ſhortneſs of notation putting ? 
7+ _— we have the tangent of the pro- 

| 3p 

poſed angle of aberration, that is, Sr, » Nini 
our ſecond equation. 8 

669. By the data we have wz: x/ or e:: 
v: 1, whence Seu. Now ſince we took 
the hole's half breadth C B ca, we may chuſe 
any magnitude for the image w « not much ex- 
ceeding C B *®. For the angle 2 Is being equal * Rem. 
to the given angle of viſion, and the breadths 630. 
of ſimilar eye-glaſſes being as their focal di- 
ſtances, the refractions of the rays flowing from 
& upon the margin of theſe glaſſes will alſo be 
ſimilar and equal, and conſequently the indi- 
ſtinctneſs and colours about the margin of the 
viſible area will be nearly the ſame whatever 
ſize we pitch upon for the image a x we may 
therefore put ca, that is, ey =——, 
which is our third equation. 

670. Hence e = — and ve = 

39 ; 
1114 ] ; 0 

5 FI which values being ſubſtituted in 


the 


Nm. 
531. 


Rem. 
C31, 632. 


CHAP, 13. 
the firſt and ſecond equations, give 3 
* 


1117 
12 * 1— — — — ——— 
— g Fo - ] ddyuwrr, in 
— — 
Ga EST ace ,c 
= — — — 
na D 2 4, 1 —1 
6 444 = 
and 74 = 4 — 5 therefore 3 = 
tub, r —1 
— - 64n*tddaa 


1—1 11 * r, 
Laſtly by reſtoring r — " + — for t and put- 


6antddaa 


ting e we have rr x 


| —— —  — — — — 


2 
r 


11 


8 * We muſt have the greateſt af- 


12 


firmative root of this equation in order to mag- 
nify the more “, which root being found, the 
ſolution of the problem will appear very evi- 
dent by looking back upon the — 2 2; E. J. 

671. Caſ. e. By reviſing the analyſis of the 
firſt caſe with regard to the other figure, the 
analogous changes will 74 ſo plain as to 


need no repetition. Q. E. J. 
672. I obſerved above that in this ſolution 


the viſible area will have the propoſed degree 


of brightneſs at its. eenter only. But its diminu- 
tion at the circumference, when computed 
the corollaries to the lemma's, will be found ſo 
inconſiderable that I ſee no ſort of inconveni- 
ence in it, but rather ſome {mall advantages. 
Firſt the teleſcope can magnify ſomewhat more 
than it would do if the zone abovementioned * 
were added to the area of the leſſer ſpeculum, 
becauſe there is more light left. Secondly this 
zone would intercept an annulus of the in- 
nermoſt rays that are reflected the moſt accu- 
rately to every part of the image; inſtead of 
which we ſhould take in that lunar figure of 
the exterior rays which are reflected the moſt 
inaccurately, and that only to the exterior parts 
of the laſt image. Thirdly the interior parts 
of the image, being diſtincter than the reſt, 
will bear and therefore deſerve a ſtronger 
light than the leſs diſtin and tinctured parts 
about the margin, which in a ſtronger light 
would only become more offenſive. 

673. This is the reſult of the theory; but in 
practice ſome ſmall addition ſnould be made to 
the breadth aa of this little ſpeculum, by reaſon of 
the difficulty of placing and moving it ſo ex- 
actly along the axis of the teleſcope as to re- 
ceive all the reflected rays; none of which, as 
being * much condenſed by their firſt re- 
feQion, ſhould be ſuffered to paſs by the little 
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103 
282 Zut no addition ſhould be made to 
breadth of the hole in the large concave. 


674. By multiplying the factors in the equa- Reſolution 


tion fou 


the reſult will be a compleat equation of twelve 

dimenſions, whoſe reſolution by the common 

rules would be ſo tedious, that I choſe to per- 

form in the following manner. The 

of Caf. 1. being put into this fractional form. 
CRE 2 


the root of this fimpler equation 
—. — 
. =, as follows. 

675. Having computed the logarithm of the 
denominator c, I firſt aſſume + of it for the log. 
of r, and thence compute the log. of the nu- 
merator 97 Xr—#* xr —1*. Then I take 
the difference of the logarithms of the numera- 
tor and denominator, and, if the former ex- 
ceeds the latter, I ſubſtract 3; of their difference 
from the log of r, otherwiſe I add it. With 
this corrected log. of r I t the fame o 


r 


ration two or three times, till I find a log. of 


the numerator agreeing with that of the deno- 
minator in 3 or 4 of their firſt figures excluſive 
of the index; then the corrected log. of r gives 
me 3 or 4 figures of the root of this latter e-- 
quation ; and this root will be the teſt of 
all if being increaſed a little, it conſiderably in- 
creaſes - the valuc of the numerator, which will' 
generally be evident enough by reviſing. their 
variations in the ſeveral operations. | 

676. Laſtly with the log. of r laſt found I. 
compute the logarithms of the denominator. 
and numerator of the equation 

— 


nu 
FF 


poſed, and by 3 of their difference I correct 


the log. of r as before, which after two or three 


operations gives me the root r ſufficiently ex- 
act. A little attention will eafily diſcover the 
reaſon of this-method, whoſe ſucceſs is chiefly 


_— to the largeneſs of c and the ſmalneſs 
1. 


Examples « i 
Problem, 1 procured from Mr, Short of Edin- den — 3 
i burgh problem... 


677. In order to give ſome examples of this 


uation- 


above, and ranging the terms of the of the equa=- 
product in the order of the dimenſions of r, tion. 


-* Rem. 


Vig 173. 
Rem. 
39, &c. 


404 


0 


1255 the following dimenſions of his beſt te- 
cope of Mr. Gregorie's form, to ſerve as a 


The focal diſtance of the larger ſpeculum 


Its breadth or aperture 
Focal diſtance of the leſſer ſpeculum 
Its breadth 


Diſtance between the two eye glaſſes 


Focal diſtance of the eye-glaſs next the metals 
Focal diſtance of the eye-glaſs next the eye 


678. By experiment the teleſcope was found 
to magnify 60 times in diameter *, and by the 
time of the tranſits of ſtars over the viſible area, 
to take in an angle of 19 minutes at the naked 
eye: therefore the magnified angle of viſion 
was 60 x 19*=19 degrees. 


679. Before we can calculate the dimenſions 
of other teleſcopes, the given one muſt firſt be 
reduced to the form propoſed in the 2 
by finding a ſingle eye · glaſs with which it ſhall 
magnify juſt as much as with the two given 
eye-glaſſes ; and by calculating the mathemati- 
cal —— aa of the leſſer ſpeculum, as poſ- 
ſeſſed by the principal pencil, whoſe breadth 
will be ſomewhat leſs than the breadth of this 
ſpeculum ; then we may deduce the logarithms 
of the numbers 6, a, v, = abovementioned, which 
(excepting a) ſhall be kept unaltered in all the 
other teleſcopes in the following table. 

680. Firſt then, we have mg=ma—nqg= 

* an 
4.3, whence I colleft® mu = ELL = 
1. 9760, and cx=cm—+ mx =16. 1760 and = 


Sts —cf= 14. 6760. Now putting to 1 for 
the ratio of the continual proportionals x, c, 


ts re 
T. -we have r= 7 7840, 7 
0. 15331, Tx=tx —tT=14. 5227 and a= 


= 1.51278, whoſe log. is o. 17977. 58. 


581. Secondly, we have cT =ct +tT = 


cT 
4. 6533 and ca 


Breadth of the hole in the larger ſpeculum 


-Diftante between the leſſer ſpeculum and the next eyoglafs 


x CA=0.19805=CB - 
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model 


for ating others of any gi 
— calculating other: y given 


Inches 


© 
0 


— ; i 
122 229921 
Se 


=w according to the ſolution of the problem; 
and ſince M=60 we have 2 2 


1. 5654, whence log. v=1: T= 1.10213, 


36 and therefore 9. 10213. 36 is the log. tan- 
gent of . 12“, 40”, This is the ſemiangle of 
viſion in the 1 * reduced to the form 
propoſed in the problem, and this we ſhall re- 
tain in all the teleſcopes in the following table, 
till we enlarge it to go. 30, by two eye - glaſſes, 
as in Mr. Short's. 

682. Thirdly, we have the log. a =: 

C4 * 7 E 217217. 14 and 

— gy = —=}2. . 

8CT* *! 7 7 3 


therefore 8. 17217. — is the log. tangent of 31 
og”, which angle of aberration, being two or 
three times greater than uſual in catoptrick te- 
leſcopes of Sir Iſaac Newton's form, would cauſe 
an intolerable degree of indiſtintneſs, were it 
not diminiſhed by correcting the ſpherical fi- 


gure of the large ſpeculum, and inclining it 


towards a parabolick , which Mr. Short takes Ax. zog; 


conſtant care to do. 
683. Fourthly, we have the log. 6 =1: 
Ci-rca®x Cilia 
Mm — ©+ 55201477. 


684. From theſe data, according to the ſo- 
Jutions in Caſ, 1 and 2, I computed the fol- 
lowing Tables, where the meaſures of the gi- 
ven teleſcope are alſo inſerted ; and have ad- 
ded the value of the root belonging to each 
teleſcope for the ſatisfaction of ſuch as ſhall 
pleaſe to examine the calculations. 


A Table 


* Rem, 


651. 


171» 


b. 171. 
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A Table of the dimenſions and magnifying powers of ſome teleſcopes 
| of Mr, Gregorie's form. 1 
— | Cx Te 1e CA yca=CB| xl | nag goa r 
5. 65 2. 987. 131] 1. 1060. 773] o. 155 l. 223] 39. 69 8. 5589 
9. 60] 4. 9231. 653] 1.5 l. 15 o. 198 [1. 565 60. 9. 7840 
15. 507. 948 2. 343] 2+ 1481. 652] 0. 250 [1.973] 86.46 ff. 0090 
36. 4. | 3. 7241 3+ 432] 3- 132] o. 324 2. 561] 165. 02 [11. 74084 
60. 6. 5. 39115. 012 4. 605 o. 414 13. 271242. 94 13. 2426 | 


A Table of the dimenſions and magnifying powers of ſome teleſcopes 
| / Mr. Caſlegrain's form. La 5 


Cre. e et |} C4 


— 1 — 1 ä — — 
— — 


15. 5 7. 948. 9922. 1961. 769 
15. 513. . 7661. 994] 1. 761 


ca=CB x / 


mag. pow. 7 
o. 227 1. 797 92.91 | 10. 7720 
o. 201 1. 585 92.65 | 9.477 


36. 14 Is. 2533. 569 3. 286] o. 297 | 2. 347173. 28. | 11: 2966 
| E 6. 4. 786] 3. 1731 4. 804] o. 383 | z. o28 253. 44 112. 79133 
685. I have calculated for the focal diſtances be no longer than is n for hoMing the 


of 5. 65 and 15.5 inches as belonging to the 
9285 of Mr. Short's tools, who * — that 
the teleſcopes made with them perform very 
nearly according to this calculation. What try- 
als have been made of Mr. Caſſgrain's form 
I know not, but by the tables it appears to 
have the advantage of Mr. Gr ie s, (at leaſt 
for- aſtronomical uſes where the inverſion of 
the object is not regarded,) as being ſhorter by 
twice the focal diſtance of the leſſer ſpeculum, 
and yet magnifying more. The two calcula- 
tions for the 15 4 inch teleſcope are founded 
en different lengths of C, to ſhew that the 
magnifying power is ſcarce ſenſibly altered there- 
b . The length of the eye-piece, as being trou- 

me in high obſervations, ſhould therefore 


eye-glaſſes, unleſs, as Mr, Short imagines, it 
may contribute to ſecure the eye glaſſes from 
foreign light which paſſes by the ſides of the 
leſſer ſpeculum through the hole in the larger; 
for which reaſon he alſo chuſes to make that 
ſpeculum ſomewhat broader than the hole. But 
this point had better be ſecured. if poſſible, by 
taking due care of the ſize and place of the little 
hole in the plate next the eye. 


686. The following tables give the poſitions Fig 1754 


and focal diſtances m/, ng of the two eye- 
glaſſes , n, together with the place and ſemi- 
diameter pg of the hole in the plate that limits 
the viſible area and magnified angle of viſion to 
19 degrees, as in Mr. Short's teleſcope. 


For Gregorie's teleſcopes. 


CT | — 1 mn ml | nq no po 
5. 65] 1. 7641. 6312. 446 jo. 815 [o. 408o. 136 2 
9. 6 |3. 358] 2.08713. 1301. 0430. 52210. 174 

415.5 15-975] 2. 63113. 9461. 315 o. 658 lo. 220 

36. 1. 4393. 4155. 1221. 707 fo. 85410. 286 

| 60. 2. 783 | 4. 289 6. 434 | 2. 1441. 07219. 359 


For Caſſegrain's teleſcopes. 


CT 1} Cm | -=# | ml nq , no- | fq 


| 
| 


15. 56. 15 
15. 511. 41 
36. 1. 65 
60. 12. 97214. 037 


2. 396] 3- 5941. 198] o. 5g8fo. 200 
2. 11313. 1701. o 


710. 528 [o. 177 


I 

; . 

313. 029 42 1. 5650. 7820. 262 
2 0562. 0191. 010 o. 338 


O 


. Pw „ „4 
1 


— 2 
* _ 


9 
Fad 
: 
- 


. 


7 ”# 1 * = 
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687... The breadth of the hole at . in-the. |. 
EI muſt be I inch in the te- | bees g T and by "Hefimilar w vlangles 


leſcopes of Mr. Gregorit's form and f Mr. 4. 2 have 424: ST::CT+Tc: CT 


nd 


Caſſeeratw's.” Jr en "ow ITT = 1, whence 
Compared G88, A bo.inch teleſcope 6f $i the New — —— e ee 4 
wich sit ons form, made in as great deut on as Mr. 
nw wen Hauksbte's ſtandard *, will magnify 313 times, 1 pL in n Ori „ But in Cafe Fig 172, 
ſcope, and therefore excels Mr. C grain , of ack n ad: 57 OF LF: CT: : 4 
Rem. fame length, in the ratio of 6 to 5 nearly, and | FLOOR: | 7 
631. is more commodious for high obſervations. — 1 2 : 1, Whence ad = * 

689. If according to Lemma 2, we would eee his | 
have the viſible area * bright, to the x Nr 
e 

half breadth One Gregorie's Iitth — e ſpeculum 1 | fd; met n 

muſt add ad =— X Tb which is might find the other dimenſions of Erorie' 

ſcarce 0.022 of an inch when d= 5. 5b teleſcope by taking 1 n+ 7 Te 

and but o, 034 when 4 60 inches. 7 8 7 

grain's ac we muſt add ets * 1 1 1 1 x To, 1 SAL Sl 

which is but o. 032 of an inch when 4 60 W 2 by eie 

inches. Theſe ſmall additions will alter the c 4d, chat i . 

apparent brightneſs ſcarce COT, and the ap- We pines bo 
Fig. 171. 690. The reaſon of the rule is N., In the 422 "4 by: ; Non, the 


value of s r will come out as above. i 
analyſis of the \problem we had m="=and 12 1 692. Theſe theorems, by ſubſtituting for » 
its value on 22 * pb AY coma to the 

= abr d ailar triangles & Te, fame as Mr 's ®, who given ſome * Appendi 

een by the han 7 uſeful tables of the dimenſions of Gregorie's to — 

wex we have ST =: LEXIS anne ee — 

4 dy Dr. De- 
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How to 
clean a tat» 
niſhed ſpe- 
culum. 


* Dioptt. 
Patt. II. 
Chap. . 


Aberrations 


bad poliſh, 
Fig, 176, 
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AuUuTHOR's REMARKS 


Uyon Boox III. 


Upon Ax r. 806. 


| R. Hearne's way of cleaning a tarniſh- 
ed ſpeculum is this. Get a little of 

| the ſtrongeſt ſope-lye from the ſopc- 
maker ; and having Jaid the ſpeculum on a ta- 
ble with its face upwards, put on as much of 
the lye as it will hold and let it remain about 
an hour; then rub it ſoftly with a ſilk or muſlin 
till the lye is all gone; then put an ſome ſpi- 
rit of wine and fub it dry wi 


another part of 


the perpendicular, the angle Af = AA and 
allo 2As =4 DAG nearly, (the ratio of the 
ſines being 3 to 2) and conſequently the diffe- 
rence A. or FAS =; EAG, Therefore the 
former difference g R, is to the latter FAS, 
as (2 KAG to EAG, as) 4 to t. But in re- 
fractions towards the perpendicular the like ra- 
tio is 6 to 1. | 

695. Hence if the angle EAG, which mea- 


the filk or muſlin. If after this the ſpeculum vv — = - org A-flxy win = 4 * 
ro — well, it muſt be new poliſhed. the ray in the image at the focus of a refleQing 


of faint tarniſh may be rubbed off wi 
ſpirit of wine only. one 


* 


: 


Upon Arr. 825. 


697 To theſe methods of rectifying teleſ- 
copick fights Mr. Molyneux has added an ac- 
count of the controverſy about them between 
Hevelius and Hook ®, and ſhews that Hevelius's 
oppoſition to the uſe of thoſe ſights aroſe chiefly 
from his mifapprehenſion of the nature of them, 
in taking the line of collimation to be no long 
er than from the-croſs- hairs to the eye, where- 


as its'real length is from the hairs to the obje&- 


laſs 3 and that Dr. Hook ſhould have demon- 


ted this to him in order to induce him to 


uſe theſe ſights inſtead of his plain ones. 
Upon Aar. 915. 
694. Mr. Molyneux means, that the angular 


of rays by a aberration of a ray from its true courſe, when re- 


flected from an irregular particle of a ſurface, is 
about five or fix times greater than it would be, 
if the ſame ray were refracted through that par- 
ticle. Let AC repreſent the regular ſurface, E 


teleſcope, will be to the like aberration in a re- 
fracting one, in a ratio compounded of their 
focal diſtances ditectly and of 5 to 1 taking one 
refraction with another at the two ſurfaces. 


Upon Arr. 974 — 978. 


696. A binocular teleſcope of the dioptrick ginoculat 
kind being heavy and cumberſome, a more teleſcope. 


commodious one might be made with a couple 
of {mall reſlecting teleſcopes of Mr. Gregorie's 
form. The phenomenon of the enlarged circle 
of the viſible area, explained in theſe articles, 
may alſo be ſeen — plainly in looking at di- 
ſtant objects through a pair of ſpectacles, re- 
moved from the eyes about as far as the length 
of the hold - faſts (made for fixing them to the 
temples) and held ſteady at that diſtance. The 
two innermoſt of the ſour apparent rings, that 
hold the — will then appear united in one 
larger and more diſtant ring, than the two out- 
ermoſt, which will hardly be viſible unleſs the 
ſpeRacles be farther removed. 


In order to find, whether an object ſeen with Dr. Jurin's 
both eyes appears brighter, or ſtronger, or lar- **Peri- 


its center, Q GRC FS its axis, an inci- ger than when ſeen with one alone, I made the e 
dent ray, EA the perpendicular of incidence, following experiments nd how 


A 4 regular reflection, and AF the regular 
refraction of that ray. Then imagine the parti - 
cle of the ſurface about 4 ta be ſo changed, 
that 4G becomes perpendicular to it; and let 
AR and AS be the irregular reflection and re- 


fraction of the ſame ray 2.4, making the an- 


lar aberrations g4 R by reflection and FAS 
y refraction. E A produce FA towards 
F and SA towards s. Then by reflection we have 


much 


7. I laid a flip of clean, white di- pri nter an 
rectly before me upon a table, and — obje ap- 
the fide of a book cloſe to my right temple, pears to 
ſo as that the book advanced conſiderably more both eyes 
forward than my face, I held it in ſuch man- hin to one 
ner, as to hide from my right eye that half of one. 
the paper, which lay to my right hand, while 
the left half of the paper was ſeen by both eyes 


| without any impediment. 
the angle Af = 2 AE and allo DAR = Then looking at the paper with both eyes, 
2 1 G an 8 their difference q4 R 1 obſerved it to be divided from top to bot- 
EAG. Likewiſe in ſmall refractions from com by a dark line, and the half of the paper 
| 2 


which 


108 
which lay to the right hand of this line, to ap- 
r conſiderably darker than the half which 

W to the left hand. 

698. In looking at other objects in the ſame 
manner, as at the wainſcot, or the cieling, I 
conſtantly found that part which was ſeen by 
ene eye only, to appear manifeſtly, darker, than 
that which was ſeen by both eyes. 

When the book was applied to my left tem- 
ple inſtead of the right, the ſame difference was 
obſerved, which ſhewed my two eyes to be of 
equal goodneſs. : | 

699. When I looked in this manner upon a 
page of a: book divided into two columns, I 
found the column, that was ſeen with both eyes 
to be much plainer and more legible than 1 
which was ſeen with one only. | 

This difference was more conſpicuous, when, 
in making the experiment by candle-light, the 
book was at ſuch a diſtance from the candles, as 
that there was ſcarce light enough to read with 
both eyes. For then the column, which was 
ſeen by one eye only, was not at all legible : 
but I could; read the other, though with ſome 
difficulty. 

700.. Being now fully ſatisfied,. that an object 
ſeen with both eyes, appeared brighter and 
ſtronger than when viewed with one, I next 
endeavoured to find to what degree this exceſs 
of brightneſs amounted : particularly, whether 
there was as much difference in the brightneſs 
of an object when ſeen with one eye, and with 
both, as when illuminated by one candle, and 
by two. | 

"To this end, I fet upon a table two candles 
of equal height, and burning to appearance with 
equal light, at about a foot diſtance beyond a 
{lip of white paper lying before me, and about 
four inches from one another, ſo as that the di- 
tance between the candles was parallel to the 
ſlip of paper: 

Then I ſet a book upon one end, between 
che right hand candle and the paper, ſo as to 
caſt a ſhade from that candle upon the right 
hand half of the paper: Thus the left half of 
the paper was illuminated by the two candles, 
and the right by one only: conſequently, the 
leit half was twice as luminous as the right; 
and the boundary between thoſe two halves was 
pretty well defined by the edge of the-ſhade. 

I then took another book, and applyed it to 
any left temple, in ſuch manner as to hide the 
left and — half of the paper from my leſt 


eye 3. ſo that the left half was ſeen by my right 
eye only, while the other half was ſeen by 
both = Now I expected, that the right 
half of the paper, having the light- of one can- 
dle- only thrown upon it, but being ſeen by 
both eyes, would appear as luminous as the | 

half, which had twice as. much light caſt upon 
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it, but was ſeen by one eye only. In which I 
found my ſelf miſtaken. For the left half ap- 
red much whiter and brighter than the right. 
onſequently, an object ſeen with both eyes is 
nothing near twice as luminous, as when ſeen 
With one only. 


701. Being defirous to know the quantity 
of this exceſs of brightneſs more exactly, I fixed 
a flip of white paper flat againſt the wainſcot 
by the help of pins, and at a yard diflance I ſet 
a candle, G as that the flame was about the ſame 
height with the Paper, and nearly oppoſite to 
the middle of it, but rather inclining to the 
right fide At two yards diſtance from the pa- 
per I placed another candle with its flame at 
the ſame height, and oppoſite to the middle of 
the left half of the paper. Then I ſet up a book 
ſo as to cut off the light of this ſecond candle 
from the left half of the paper; which half 
therefore being Yluminated by one candle on- 
ly, er conſiderably * than the right 
half of the paper, on which both candles ſhone 
without interruption. 

The difference in brightneſs of the two halves 
of the paper is eaſily eſtimated, by conſidering 
that the ſecond yore: He being at twice the di- 
ſtance, muſt throw upon the right half of the 
paper juſt a quarter of the light, that was caſt 


upon the ſame half by the nearer candle“; and An. .xy 


conſequently that the luminouſneſs of the right 
half of the paper was to that of the left half, 
as five to four. 

Things being thus diſpoſed, and- the candles 
burning with equal brightneſs, I applycd a book 
to my right. temple, ſo as to hide the right half 
of the paper from. the right eye. Then looking 
at the paper with both eyes, the right half of it, 
which had five degrees of light, and was ſcen 
by the left eye only, appeared manifeſtly whi- 
ter than the left half, which had four rees 


of light, and was ſeen by both eyes. Conſc- 


quently, an object ſeen with both eyes, is not a 
quarter part more luminous than when ſeen with 
one only. 


702. After the ſame manner, by ſetting the 
ſecond candle at three diſtance from the 
paper, I found, that the right half of the pa- 
per, which then had'ten er of light thrown 
upon it, and was ſeen by one eye; appeared 
88 virus than the ab yon 22 was 
mina nine portions of lig was 

ſeen by both vs As 
703. When T removed the ſame candle one 
foot farther, ſo that the diſtances of the two 
candles from the paper were reſpectively as 3 
and 10 and conſequently; the quantities of- 
light they threw upon the right half of the pa- 
per were as 100 and 9g “ i.e. nearly 
26 11 and 1 ; the right half of the paper * 
: Mich 


11 K % 


And whe- 
ther larger 
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with one eye only, ſeemed till a little whiter 
than the left half ſeen with both. 

704. When the ſecond candle was ſet at the 

diſtance of four yards from the paper, the right 
half of the paper ſeen with one eye, appeared 
a little darker than the left half feen with both 
eyes. 
HK, Hence it follows, that, when the ſecond 
candle is about 11 foot diſtant from the paper, 
the right half ſeen with one eye, and the left 
half ſeen with both eyes, muſt appear of an e- 
qual whiteneſs. 

Conſequently, an object ſeen with both eyes, 
appears brighter than when ſeen with one on- 
ly, by about a thirteenth part. But it would be 
difficult to make the experiment exactly. 

If a perſon, who ſquints, ſnhould go about to 
make theſe experiments, I ſuppoſe he would 
find none of t to ſucceed, 1 that in the 
krſt experiment particularly, both halves of the 
pater would appear equally luminous. If ſo, 
this would prove, that he ſaw the paper with 
one eye only, in confirmation of what was laid 
down in Remark 178 &c. 

706. I proceeded next to enquire; whether 
an object ſeen with both eyes, appeared any 


to both eyes thing bigger than when ſeen with one alone. 


than to one 


none. 


In order to which, applying the ſide of a book 
to one of my temples as before, I looked at two 
prints of equal ſize hanging beſide one another, 
at two panes in a window, two ſmall pannels 
in a door, and ſeveral other ſuch objects; but 
could perceive no difference in the apparent 
magnitude, when one of them was ſeen with 
both eyes, and the other with one. 

707. Not content with theſe tryals, I pro- 
ceeded to make the experiment with ſmaller ob- 
jects, as the letters of a printed book, and found, 
that though they appeared brighter and ſtrong- 
er, yet the id not ſeem at all larger, when 
viewed with both eyes, than when ſeen with 
one only, But the tryal which gave me the tul- 
leſt ſatisfaction, was that which follows. 

708. Upon a narrow rectangular piece of pa- 
per I drew two- lines with ink, parallel to one 
another, and likewiſe to the long ſides of the 
paper, Then laying the paper directly before 
me, ſo as that my eyes were equidiſtant from 
the black lines and from the edges of the paper, 
I applyed a book to one of my temples, ſo as 
that one half of the paper and of the parallel 
lines upon it, was ſeen with one eye only, and 
the other half was ſeen with both eyes. 

I then carefully confidered the parallel lines, 
N at · the joining of the two ſeveral 

Ives : but could obſerve no difference between 
thoſe halves, except that the half ſeen by one 
eye only, did not make ſo ſtrong an appearance 
as the other. The lines and the edges of the 


paper appeared perſectly ſtraight ; which they 


could not have done, if that half of the paper, 
or of the ſpace intercepted between the black 
lines, which was ſeen by both eyes, had ap- 
pearcd at all larger than that which was ſeen by 
one eye only. 

From which I conclude; that an object does 
not appear larger to both eyes than to one, un- 
leſs by reaſon of ſome particular circumſtances, 
as in the obſervation of Leonardo da Vinci ®, or 
in the caſe of the binocular teleſcope Art. 976, 
or of concave ſpecula Rem. 520. 

70g. Among the ſeveral experiments F made 


in order to find the difference between the prifing pha- 
nomena in 


double vi- 


brightneſs and largeneſs of objects, when view- 
ed with both eyes, and when ſeen with one eye 
only, there was one, Which, though no way 
neceſſary to be mentioned for that purpoſe, af. 
ter thoſe I have already related, yet was attend- 
ed with ſome phænomena ſo ſingular and ſur- 
priſing, as on that account to deſerve a particu- 

r recital. 

Before three prints, 
up againſt a wall in the ſituation repreſented by 
Fig. 177, I ſet a table with two candles upon 
it, at about four foot diſtance, ſo as to throw a 
ſtrong light upon the prints. Then ſtanding 
about four foot from the candles, with my face 
towards them and the prints beyond them, I 
opened a thin quarto book to an angle of about 
40 degrees, and held it directly before me, at 


_ in ſize, and hung 


uch a diſtance, as that I could but juſt ſee the 


whole book though very indiſtinctly with each 
eye, the back of the book inclining obliquely 
downwards and towards my breaſt, by which 
poſition the direct light of the candles was kept 
off both from my eyes, and from the inſide of 
the book. Then directing my eyes towards the 
prints, F held the book fo, as that the left hand 
rint A was hid from my leſt eye by the left 
e of the book, and the right hand print B 
was hid from my right eye by the right ſide of 
the book: while the print 4 was ſeen by my 
right eye, the parks by my left eye, and the 
print C by both eyes. 
Things being in this poſture, I obſerved the 
rints 4, B, and C to appear, as near as I could 
judge, exactly of the ſame ſize. Nor could & 
well ſatisfy my ſelf, whether the print C, which 


was ſeen with both eyes, appeared clearer or 


ſtronger than A or B, which were ſeverally ſeen 


one eye only; this experiment not being ſo 
kw = that purpoſe, as ſome of thoſe. 
above related. : 

710. But obſerving the wainſcot to appear 
unequally luminous in different parts, I turned 
my 

tture with rd to my face, and directed 
_ eyes firſt 4s caches part of the wainſcot 
free from prints, where the appearance I am 


going to deſcribe. was more perfect; and 1 


-I09 


elf about till holding the book in the ſame - 


Rem. 
244» 148 


Some ſut- 


ſion. 


Fig. 172. 


Fig. 178. 
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to the cieling, where the ſurface being white 
and plain, the phænomenon was ſtill more con- 
ui f the ciel reſen 
. In Fig. 158 part © cieling is repreſent- 
ed by the ſpace LMAB mrl RE, wherein the 
line AL repreſents the projection upon the 
cieling, of the upper right edge of the 
book from my left eye; BC R the projection 
of the ſame edge from my right eye; AC! the 
rojection upon the cieling of the upper left 
hand edge of the book from my left eye; By 
the projection of the ſame edge from my right 
eye; RM the projection of part of the right 


hand fore edge of the book from the right eye: 


In the projection of part of the left hand tore 
.cdge from the left eye. 

By theſe lines the viſible part of the cieling 
was divided into fix different portions, LM R, 
RC ur, IMR C, BmlC, and ACB. Of 
theſe, the three firſt portions LMR, R CI, and 
Imr, were the brighteſt, and were equally 
bright one with another: the portions AMRC 
and Bm/C were equal in brightneſs to one ano- 
ther, but conſiderably darker than the three firſt, 


And the portion A C B was the darkeſt of all. 


711, The cauſe of this phænomenon is eaſi - 
ly ſeen, being no other than what follows. By 
the deſcription given above it appears, that the 
portion of the cieling AMRCB is entirely hid 
from the right eye by the interpoſition of the 
right fide of the book ; and that the portion 
B mlCA is entirely hid from the left eye by the 
interpoſition of the left fide of the book: that 
is, the portion ACB is hid from both eyes, 
and conſequently exhibits the darkeſt appear- 
ance from the dark inſide of the book project- 
ed on it by both eyes; AMRC is ſeen by the 
left eye only, BC by the right eye only; 
and LMR, RC. and /mr are ſeen by both 
eyes, which therefore appear the brighteſt of all. 

712. But the moſt extraordinary part of this 
appearance is yet to come. For the dark part 
ACB does not appear like a plane, as might 
be expected on conſidering it as a portion of the 
cieling ; but is ſeen as a pyramid extending it 
ſelf from the book to the point C in the cieling. 
And if, inſtead of the cieling, the eyes be di- 
rected to any other object how remote ſoever, 
either upwards or downwards, or horizontally ; 
the apex C of this pyramid will appear to be 
extended to, and to touch the very remoteſt ob- 
ject in view ; provided that object be fituated 
in the interſection of two planes, one drawn 


through the line B CR and the right eye, the 


other through 4 C/ and the left eye. In which 
reſpect this pyramid-is analogous to the middle 
point of the compaſſes, in the appearance de- 
ſeribed in Art. 977. 

It is — obſervable, that there ap- 
another. dark 


713+ 
Hears body 4B bcad, in form of 


+ 


REMARKS UPON AR Tr. 974 = 978. ook 3. 


a wedge, from which the pyramid 4 C ſeems 
to ariſe and to be a continuation of it : but this 
wedge-like dark body appears within the book 
it ſelf, between the binding and the eyes. 

714. In order to explain theſe appearances, 
it muſt in the firſt place be remembred, that 
the axes of my eyes were at thit time not di- 
reed to the book it ſelf, in which caſe all theſe 

hænomena would immediately have vaniſhed ; 

t that they were pointed at the cieling, as I 
ſaid before. Now, in this caſe, it is obvious, 
that the book and every thing within it muſt 
appear double; becauſe the images formed in 

two eyes will not fall upon correſponding 
parts of the retina*. We are therefore to conſider 
the ſeveral portions of thoſe images, and to ſee 
how they contribute to the production of the 
phznomena abovementioned. 

715. Firſt then, the juncture of the leaves, 
or the line in which they meet at the binding, 
appearing double, the image of this juncture 
formed in the right eye will appear to the left 
hand, as the line 5 5 Fig. 178, and the image 
of the ſame juncture formed in the left eye will 
appear to the right hand, as the line 44. 

Conſequently, the image of the left hand leaf 
formed in the right eye, as 6B r 4, muſt ap- 

r adjoining to the left hand of the juncture 

B ſeen by the right eye: And the image of 
the right hand leaf formed in the left eye, as 
aA LS, muſt appear adjoining to the right hand 
of the juncture ad ſeen by the left eye. Theſe 
two images will therefore be intirely diſtinct 
one from the other, being ſeparated by the 
ſpace b BA a. | 

716. But the image of the left hand leaf ſeen 
by the left eye, as a4/s, muſt appear adjoin- 
ing to the left hand of the juncture a4 ſeen by 
the left eye. | 

And the image of the right hand leaf ſeen by 
the right eye, as 6B RD, muſt appear adjoin- 
ing to the right hand of the juncture 4 B ſeen 
by the right eye. 

Conſequently, theſe two images will coin- 
cide with one another in the ſpace a4C Bbca; 
and will coincide with the two former images, 
(Rem. 715.) in the ſpaces-bB mn, and aA MN, 
reſpectively. But in order to ſee more particu- 
larly, how theſe two laſt images contribute to 
the production of the phænomena above related, 
it will be neceſſary to diſtinguiſh them into ſe- 

717. The image aA4/s of the left hand leaf 
ſeen by the left eye may be conceived to be di- 
vided into the four parts 6B mn, BC/ m, bean, 
and bB CAach. | 

718. Of theſe four parts, the firſt & B mn ly- 
ing to the left hand of the juncture 65 B ſeen b 
the right eye, will conſequently coincide wit 
part of the image of the ſame 2 


7. 
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ed in the eye, and will be obliterated by 
that image. For, as the two images coincide, 
that formed by the right eye, which is ſtronger 
and more diftin& as being ſeen more directly 
and from a greater diftance, will ſwallow up 
and efface that formed by the left eye, as being 
ſeen more obliquely, and much nearer. 

719. The ſecond and third parts of this image, 
as BCtm, and been, will fall without the 
image of the ſame leaf formed in the right eye: 
and will be ſpread like a faint ſhade over part 
of the outward objects, as the cieling, the walls, 
er the floor ſeen by the right eye. 

20, The fourth part of the image, as 


 bBCAach, having been already obſerved to 


coincide with part of the oppoſite image, it will 

be mw to conſider theſe two parts together 
and by. 

7 fn like-manner, the image of the right 

hand leaf bBRD, ſeen by the right eye, may 

be conceived to be divided into the four parts 

aA MN, ACRM, acDN, and aACBhca. 

722. The firſt of theſe a4 MN will coincide 
with and be obliterated by part of the image 
of the ſame leaf a4 LS, formed in the left eye, 
for the reaſon already given in the like caſe, in 
Rem. 718. | 

23. The ſecond and third parts 4 CRM. 
and acD N, will fall without the image of the 
ſame leaf formed by the left eye, and will be 
ſpread like a faint ſhade over part of the out - 
ward objects ſeen by the left eye. 

724. The fourth part of this image, namely 
aACBbea, will coincide with a like part of 
the oppoſite image, which two oppoſite parts 
we come now more particularly to confider ; in 
order whereto we ſhall diſtinguiſh this fourth 
part 24 C Bbca into the two portions b B Ce, 
and Cca4; and ſhall diſtinguiſh þBCAachb 
the fourth part of the oppoſite image into the 
two portions aA Ce, and CebB. . 

725. Since the book was held directly be- 
fore me, not inclining to one fide more than to 


the other, and was opened to an angle of about 


40 degrees, it follows, that the image of the 
two leaves ſeen by the right eye, as 6B RD 
and h Br d, muſt appear to contain nearly the 
ſame angle of 40 degrees; and likewiſe the 
image of the two leaves ſeen by the leſt eye, 
as 44 Ii, aA LS, muſt appear to contain nearly 
the ſame angle of 40 degrees. That is, 6B Cc 
being part of the image of the right hand leaf 


een by the right eye, muſt appear as making 


an angle of about 40 degrees with þB rd the 
image of the left hand leaf ſeen by the ſame 
right eye; and likewiſe a4 Cc being part of 
the image of the left hand leaf ſeen by the left 
eye, mult appear as making an angle of about 
40 degrees with a4 LS the image of the right 
hand leaf ſeen by the ſame left eye. 


Conſequently, theſe two firſt ons þBCc 
and aF Cc muſt appear inclined to each other 
in an angle of about 400, or muſt appear as two 
ſides of a wedge containing ſuch an angle. 


For let LP, Fig. 179, r the an- Fig. 175. 


gle of about 2 to which the book was open- 
ed; and let LAC, and RCBr repreſent the 
double image of a ſection made by a plane 
paſting perpendicularly through both leaves. 
hen will By ſtand for the image of the left 
hand leaf ſeen by the right eye; BC for chat 
portion of the image of the right hand leaf, 
which in Fig. 178 is expreſt by 4B Cc, ſeen 
by the fame right eye; AL for the image of 
the right hand leaf ſeen by the left eye; and 
AC for that portion of the image of the left 
hand leaf ſeen by the ſame left eye, which is 
expreſſed in Fig. 178, by a4Cc. 
ow, as we have already taken notice, that- 


the angle LP x is about 40% and that the two 


angles r BC, CAL are each of them nearly of 
40% it follows, that the lines By, AC, and 
likewiſe the lines B C, AL are nearly parallel. 

Conſequently, the angle AC B muſt alſo be 

nearly of 40%: that is, the portions aA Cc, and 

33 Ce of the images abovementioned, muſt ap- 

pear to make two fides of a wedge, containing 

an angle of about 40% which is the wedge-like- 
appearance we were to explain, 

726. It remains for us to ſhew what becomes 
of Ceca the ſecond portion of the fourth part 
of the image of the right hand leaf ſeen by the 
right eye; as likewiſe of Ce B the ſecond por- 
tion of the fourth ou of the image of the left. 
hand leaf ſeen by the left eye; neither of which 
we have as yet accounted 25. 

In order to which we muſt obſerve. 

1. That the firſt of theſe, Cad, coincides 
with 44 Cc the firſt portion of the fourth part 
of the image of the left hand leaf ſcen by the 
left eye, and conſtituting the right hand ſide 
of the wedge ; and that the ſecond, CchbB co- 
incides with 6 B Cc the firſt portion of the fourth 
part of the image of the right hand leaf ſeen by 
the right eye, and conſtituting the. left ſide ot 
the wedge. ; 

2. That ſince the book was too near the eyes 
to have any of theſe images diſtinct, that part 
of each leaf which was farther from the eye it 
was ſeen by, muſt form a diſtincter, and there- - 
fore a ſtronger image than that part which was - 
nearer to the eye. 

Hence it follows, that of the two coinciding - 
images Ccad and 44 Cc, the latter, which is 
nearer to the juncture a4, and conſequently far- 
ther from the left eye by which it was ſeen, 
muſt be diſtincter and therefore ſtronger than 
the firſt, which is farther from the juncture . 
53, and conſequently nearer to the right eye 
by which it was ſeen. 

: Therefore - 


» . ——— 
: 


* 
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Therefore the firſt of theſe Cca4 muſt be 


entirely obliterated and effaced 1 latter. 


Fig. 178. 


AL and Br, as 


727. In like manner it may 
CchB is entirely obliterated and ſwallowed up 
by b BCe. 

728. The truth of this explication is con- 


firmed by the following obſervation. 


If one of the leaves, ex. gr. the left leaf be 
Blank and the right be print, then Cca4, ſeen 
by the right eye, though more remote from the 
juncture a4, and conſequently nearer to the 
eye it is ſeen by, and therefore leſs diſtinct, yet, 
as it makes a ſtronger appearance on account of 
the printing, will obliterate and ſwallow up 
424 Cc, ſeen by the left eye, though nearer to 
the juncture, and conſequently more remote 
from the eye it is ſeen by, and therefore more 
dliſtinct, but making a weaker impreſſion : And 
the letters of the right hand page will appear 
to be continued from the left my ſide of the 
wedge 55 Cc acroſs the left fide c CA a of the 
5 wedge. This is eaſily ſeen to be 2 
y the projection of Cw Fig 179 upon CA. 

7 Likewids when velther page is blank 
paper, both ſides of the wedge will appear im- 
printed with the letters or figures of one and 
the ſame page, provided they make a ſtronger 
impreſſion than thoſe of the other, either by rea- 
fon of their greater ſtrength or magnitude, or, 
even in caſe of equality, by our attending more 
particularly to them. In which latter caſe we 
can vary the phænomenon at pleaſure, by fixing 
our attention, even without changing the po- 
ſture of our eyes, firſt upon one page, and then 
upon the other. From which conſideration ſome 
other phænomena of coinciding images may be 
explained, which ſeem to be otherwiſe inex- 
plicable, 

730. It remains for us to ſhew, why the far- 
theſt part of the wedge, as ABC, inſtead of 
appearing within the book, as the reſt of the 
wedge, is ſeen without it, and extended to a 
conſiderable diſtance beyond it; alſo, why it 
appears in form of a pyramid; and laſtly, why 
its extremity C ſeems to touch the moſt diſtant 
object, towards which the book and the eyes 
are directed. 

Here it is to be obſerved, that the diſtincteſt 
and ſtrongeſt image of the right hand leaf be- 
ing that ſeen by the left eye, or 4 LSa, and 
the diſtin&«ft and ſtrongeſt image of the left 
hand leaf being that ſeen by the right eye, as 
Brdb, we look upon the edges of theſe images, 
edges of the book. 

731. Conſequently, BR the image of the 
farther edge of the right hand leaf ſeen by the 
Tight eye, and / the image of the farther edge 
of the left hand leaf ſeen by the left eye, muſt 
both appear without the book : that is, the lines 
BC and AC, part of thoſe edges, and ſuch part 


ſhewn, that- 


of the wedge as lies between theſe lines, as 
ABC, muſt appear without the book, 

732. And as the objects, upon which the 
edges BR, A! are projected in looking hori- 
zontally or obliquely downward, are much 
more remote than thoſe objects upon which the 
edges AL and Br are projected; it is maniteſt, 
that the edges B R, Pi and the parts of them 
BC, AC, or the part of the wedge 4CB muſt 
appear to be projected to a conſiderable diſtance 
beyond the edges AL, Br, i. e. beyond the 
book. And the point C appearing on this ac- 
count to be farther extended beyond the book 
than any other part of the wedge, the part 
ACB muſt neceſſarily put on the appearance 
of a pyramid having C for its vertex. 

733. Laſtly, as the point C is ſeated in the 
plane drawn through the right eye and the line 
BR, and likewiſe in the plane drawn through 
the left eye and the line A/7; i. e. in the inter- 
ſection of thoſe two planes; it muſt neceſſarily 
appear in the ſame line with any remote object 
likewiſe ſituated in the ſame interſection. 

Therefore the image of C, and that of the 
obje&, mult fall upon contiguous parts of the 
retina in each eye, and conſequently muſt ap- 
pear in the ſame place, or the point C muſt ap- 
pear to touch the object. 

Theſe experiments will ſucceed by daylight, 
and with a book of any ſize, and opened to any 
angle, mutatis mutandis.” So far Dr. Turin. 


Upon Arr. 1016. 
734+ A compariſon of different ways of il- 
luminating microſcopical objects, pictures in a 


magick lantern &c. and of the burning powers 
of glaſſes and ſpeculums. 2 


PRO TOS ITI oO V. 


Of a luminous object QR let qr be the image pig. 180. 


formed by reflection from a concave ſurface, 5 
refraction through a convex lens, or ſphere AC; 
whoſe center is E, principal focus F, axis QEFC 
and ſemiaperture AC; and let a perpendicular 
FG, to the axis, cut the outermoſt ray QA in 
G; 1 fay the brightneſs of the ſeveral pictures 
qr, vill be very nearly as FU“ directiy and 
FE* inverſely. | 

735. For, not regarding the ſmall loſſes of 
light by the ſeveral reflections and refractions, 
the quantity collected to the point q is very 

72 


nearly as = *, and conſequently the quan- . Att. 38, 


: We 
tity in the area of the whole picture 37, 2 


— FG 
. x TR*, But the area of the 
picture 


# Art. 207» 


Art. 239+ 


en AP. 16. 


tn EE" = 3; 


PR. Becauſe, in the refl concave, We 
have Fq: FE:: FE: FA conſequently 
Eq: E:: FE:: F9; and in the lens and 
ſphere we have 24: E:: AE: and 
conſequently Eq: E.: FE: F2, Therefore 
the brightneſs of the picture, or the denſity of 
the rays in its area, being as their quantity di- 


rely and the area inverſely, is as = very 


nearly; and the more exactly as the aperture 
is ſmaller and the obje& farther off. 

736. Corol. 1. In a given ſpeculum, lens or 
ſphere, the brightneſs of the picture of a given 
object, is as F.; and therefore increaſes conti- 
nually with the diſtance of the luminous object 
from the focus F. 

737. Corol. 2. If the luminous object be very 
remote, and the apertures of ſeyeral ſpecula, lens's 
and ſpheres be equal to one another, the degrees 
of brightneſs of the ſeveral pictures formed by 
them are reciprocally as the ſquares of their re- 
ſpective focal diſtances very nearly. 
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738. Corol. 3. Conſequently if the ſeveral 
apertures be portions of equal ſpheres, the 
degrees of brightneſs of the ſeveral pictures form. 
ed by a concave ſpeculum, a double-convex 
glaſs, a glaſs ſphere and a plano-convex glaſs, are 
reſpeQively as the ſquares of the decreaſing mu- 
e mama 12, 6, 4, 3. Becauſe the reſpective 

diſtances are , 4, +, + of the diameter of 
3 3 by _ 205, 235e 227: and 

e reci of an arithm greſſion are 
called — on. 15 

739. Corol. 4. Therefore the concave ſpecu- 
lum has greatly the advantage of the ſphere and 
lens's, for illuminating microſcopical objects, 
and alſo for burning things in the — tho? 
not in ſo great a proportion, as will appear by 


the next corollary. 
740. O's Though the rays in two pi- 
ctures of the ſun formed by ſimilar ſpecula, be 
equally denſe ®, yet the picture formed by the ®Rem. 355. 
larger ſpeculum, being proportionably larger, 
things more vehemently than the ſmal- 


will burn 


ler; becauſe the burning particles of matter 

communicate and propagate their heat to one 

another. And when the ſpecula are ſimilar, the 

aberrations of the * from the peripheries of 
iar * 


the pictures, are alſo Art. 337. 


End of tbe RE MARES. 
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whea ſeen ly, when its outlines appear clear gure, ſize and colour. For inſtance, the words 


diſtinctly. 
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To Dr. SMITH. 


s 1 R, | 
A* my firſt entrance upon the following ſpeculation was principally owing 
to the hints and obſervations contained in your Book, the greateſt part 
of which T have had by me in print for ſeveral years, and I was encouraged 


to purſue it thus far by the admirable facility of thoſe methods of compu- 


tation which you have therein delivered, I look upon whatever may be of 


any value in theſe papers, as more yours than mine. To you therefore I ſend 
them, to make what uſe of them you think proper. | 


I might have added a great manyother uncommon and hitherto unobſerved 


appearances, particularly in looking thro' ſmall perforations in cards or thin 
Plates, but that I found it would take up too much time to digeſt them in- 
to order and inſert them in their proper places; and to retard the publi- 
cation of your long expected work for any thing of mine, would be doing 
a ſenfible injury to the publick, I am, | 


SIR, 
your moſt affetionate friend, 
and very bumble ſervant, 
James JuRIX. 


1. N object is aid to be ſeen diſtinct- them one with another, in reſpect to their fi- 


and well defined, and the ſeveral of this book are diſtinctly ſeen, when the let- 

parts of it, if not too ſmall, are plainly diſtin- ters appear well defined, and their ſhape and the 

guiſhable, ſo as that we can eaſily compare 3-4 between them are plainly a” 
2 an 
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1 liſti 1 

may be read with eaſe, A ſingle letter alſo is 

diſtinctly ſeen, when the ſeveral parts of the 


ed, ſo as that the book 


letter, the connexion of thoſe parts, and the 
'ntervals between them ate clearly perceived 
and diſtinguiſhed, , : g 
2. In order to ſuch diſtinct Viſion, it has 
hitherto been commonly thought, that all the 
rays of a pencil flowing from a phyſical point 
an object, muſt be exactly united in a 
phyſical, or at leaſt in a ſenſible point of the 

Retina. | 
3. But that ſuch an exact union of the rays 


on of rays is not neceſſary to diſtinct viſion, will ma- 
r nifeſth appear upon making the following 
0 ' als . " a 


Experi- 


ments to therè is 


prove it. 


6. If the book be 


4. Take a title-page of a beok, in which 
int of three or four different ſizes : 
And place the book at ſuch a diſtance, as 
that every ſort of print may without any 
ſtraining of the eye, appear perfectly diſtinct. 
In this caſe it may dre bo m__—_ the 
rays of every pencil lowing from thelettersare 
accurately cole into ſo many _—_ phyſi- 

or at enſible points upon the Retina. 
ſo near, as that the letters of the ſmalleſt 
print may now begin to appear a little con- 


fuſed, and cannot by any endeavour or ſtrain- 
ing of the eyes be rendred ſo diſtinct as they 


were before. Then, keeping the book at 


that ſame diſtance, look at a To ſomewhat 


larger than the former, and 
ſhall ſeem perfectly diſtinct without any the 
leaſt appearance of confuſion. 


Here, it is manifeſt from the leſß diſtinct 


F W of the fmaller print, that at this 
0 the rays of each pencil are not ac- 
curately united in a ſenſible point of the 
Retina, notwithſtanding which the larger 
int appears diſtinct. 


ſmalleſt view will now be quite confuſed, 
and the r print will begin to appear in- 
diſtinct: But keeping the book at this fame 
en e a print ſtill larger will ap- 
pear diſtinct. 

In this caſe the rays are ſtill leſs accurately 
collected into points; and yet the largeſt 
of theſe prints appears as diſtinct as the two 
ſmaller prints had done in the former tryals. 

. 7. Thele experiments may be made the 
contrary way likewiſe, by putting on a pair 


of ſpectacles of a ſufficient convexity, or by 


| diſpoſition of that eye, 
brought ſtill nearer, the 
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a ſhortſighted perſon without any ſpectacles. 
In this caſe the book muſt firſt be held at 
ſuch a diſtance, as that every fort of print 
may appear as diſtinct as poſſible : And muſt 
afterwards be removed ſucceſſively to ſuch 


greater diſtances from the eye, as that the 


ſmaller prints Fd we Ago another begin 
to appear con while the eſerve 
. 

8. To thoſe, who ſhall make theſe experi- 
ments with ſufficient care, it will mani 
appear, that ſometimes we have diſtinct viſion, 
when the rays of each pencil iſſuing from 
the object are not accurately collected by 
the eye into a ſenſible point upon the Retina; 
and that this ſort of diſtin& viſion, without 
an exact union of the rays, is not to be diſtin- 
guiſhed, even by an attentive eye, from that 
other ſort of diſtin& viſion where the rays 
are the moſt accurately collected into ſenſi- 
ble, or even into phyſical points. 


9. Diſtinct Viſion may therefore not un- Two fort; 
fitly be divided into the two following forts, of diſtinct 
iſtinct. Viſion. 


or ſpecies, namely, Viſion 
or Perfect Viſion, and Viſion imperfectly 
diſtinct, which I ſhall uſually call, fimply, 


by the name of Diſtin# _ 
10. Viſion perfectly diſti or Perfect Perfect 
Vifion, is that, in which the rays of a ſingle Viſion. 


pencil are collected into a fingle phyſical, or 
ſenſible point of the Retina, as in ART. 4. 


11. Viſion imperfectly diſtinct, or ſimply, Diſtinct 
Diſtin# Viſion, is that, in which the rays of Viſion. « 


each pencil are not collected into a ſenſible 
point, bur occupy ſome- larger ſpace upon 
the Retina, yet ſo as that the object is diſtinct- 
4 pogm, as the larger point in Art. 


12. Perfe@ Viſion, ina given eye, andagiven 
depends only upon the 
diſtance of the object. It has no dependance 
upon the magnitude of the object, except only 
that it is requiſite theobje& ſhould not be ſo ve- 
ry ſmall as on that account not to be per- 
ceivable. This excepred, at whatever diſtance 
any one object is ſeen perfectly diſtinct, all 
other objects do likewiſe appear perfectly 
diſtinct. 

13. Di/tin Viſion, in a given eye, and a 
given diſpoſition of that eye, depends upon 
the diſtance and magnitude of the object joint- 


ly. In Art. 5. the leſſer print appears con- 
fuſed, becauſe it is too near : Bur, at a greater 
diſtance, as in At. 4. it appeared 25. or 


And the larger print in Art. 5. appears diſtinct 
becauſe of its magnitude: But it will ap- 
pear confuſed at a leſs diſtance, as in Art. 6. 

14. It appears therefore, that there is a 
real difference between Perfect Viſion, and 
what we call Diſtinct Viſion, and we deſign 
to enquire particularly into the reaſon, Why 
an object may be ſeen diſtinctly without Per- 
fect Viſion : But in order thereto, it will firſt 
be neceſlary to take notice of the principal 
Phenomena when objects are confuſedly or 
indiſtinctly ſeen, and to examine into the 
_— 3 : 

In doing which, we ſhall generall 

of the object we conſider, as bein Dupe 
luminous upon a dark ground, tho the 
Phenomena would be the ſame, from 
the ſame cauſe, if the object were dark or 
black upon a white ground. 

15. If a circular object be viewed at a 
diſtance proper for Perfect Viſion; its picture 
upon the Retina will be circular, and pro- 
portional in diameter to the angle which 
the object ſubtends at the eye; its limb will 
be well defined, and all parts of the circular 
picture will be equally ftrong. Conſequent- 
ly, he idea my excited in us, will be 
that of a circle equally ſtrong in all parts, 
and well : «wy g ' 

16. If the ſame circular object be viewed 
at a diſtance much too ſmall for Perfect 
Viſion; its picture upon the Retina will be 
circular, but the diameter will be greater than 
in proportion to the angle which the object 
ſubtends at the eye: Nor will the picture 
be equally ſtrong. in all its parts, but the 
middle part will generally be the ſtrongeſt, 
and will 15 ſurrounded with penumbra 

wi ually fainter towards the outer 
2 the limb will appear indiſtinct 
and ill defined. Conſequently, the idea there- 
by excited in the mind will be that of a 
circle too large, and too faint and indiſtinct 
towards the limb . That is, inſtead of the 
appearance A Fig. 1. we ſhall have the ap- 
pearance, B, or C, or D. 

17. The cauſe of this is not difficult to 
diſcover. For ſince, by our ſuppoſition, the 
diſtance of the circular object from the eye 
is too ſmall for Perfect or Diftin& Viſion, it 
is obvious that the rays of each pencil iſſuing 
from the object cannot be united but at a 
point beyond the Retina; conſequently, the 
rays of each pencil will occupy a circular 
ſpace upon the Retina. 


Phxno- 
mena of 
indiſtin& 
Viſion in 
acircular 


object. 
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Let therefore, the circle 4 B DC, Fig. 2. 
repreſent that circular ſpace upon the Retina, 
which the image of the object would take 
up, if that image were perfectly diſtinct : Or, 
which comes to the ſame thing, let 4B DC 
repreſent that circular ſpace upon the Retina, 
which is occupied by the centers of all the 
pencils of rays belonging to the indiſtinct 
image of the circular object. This circular True 
ſpace upon the Retina, repreſented by AB Dc, image 
we ſhall call the image of the object, and what. 
ſometimes, to diſtinguiſh it from other ap- 

ces, we ſhall call it the true image. Al- 

ſo let the circle fg hc, having its center c in 
the circumference of the former circle 4 B 
DC, repreſent that circular ſpace upon the 
Retina, which is taken up by one of the ex- 
treme pencils of rays iſſuing from the object. 
This circle fghc we ſhall call the circle of Circle of 
diſſipation, becauſe the rays of a pencil, in- diſſipation 
ſtead of being collected into the central what. 
point c, are diſſipated all over this circle: And 
the radius of this circle, cf, or cg, we ſhall 
for the ſame reaſon call the radius of diſſipa- Radius of 
tion. And let the circle 26 4fCc, concentrick diſſipation 
with the firſt circle, or the true image, A B What. 
DC, touch the circle fghc, in the point f. 

18. Then, I fay, 1. that part of the image 
of the circular object, which is repreſented 
by the circle abdfC, will be equally ſtrong 
in all ; and will be of the ſame ſtrength, 
as if the image of the object had been per- 
fectly diſtinct. | 

To prove this, let the circles 4ABDC, 
abadC, Fig. 3. repreſent the fame things as 
before, and taking any point at pleaſure, as 
c, within the circle abdC, from that point 
as a center, with the radius of diſſipation cf, 
draw the circle fghc. Then it is manifeſt, 
that, as the pencil of rays whoſe center is 
the point c, is diſſipated or ſcattered over the 
whoſe circle fghc, and thereby helps to illu- 
minate all the points or centers of pencils 
ſituated within that circle; ſo on the other 
hand, the point c muſt receive light from e- 
very pencil whoſe center is ſituated within 
the ſame circle: Or, the point c beſtows a 
part of its light upon every other point of 
the circle fghc, and receives an equal” por- 
tion of light from each of thoſe points; ſo 
that it is juſt as much illuminated, as if che 
rays of its pencil had never been diſſipated, 
but had been all collected into that one 
point c, as they would have been, if the _ 


148 
had been perfectly diſtinct. And as this is 
true of every point within the circle a6 dC, 
it is manifeſt, that this whole circle muſt be 
as ſtrongly illuminated, as if the image had 
been perfectly diſtinct, and muſt be equally 
ſtrong in all its parts. 
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towards its outer edge. And at the very ex- 
tremity it has not half the light of any part 
of the circle abdC as is manifeſt by the in- 
ſpection of the circle gf he, Fig. 2. 

20. I ſay, 3. Beſides the ring laſt deſcribed, 
which is darker than the falſe image, or 


Falſe This part of the true image, repreſented by the circle abc, there is another ring of e- 
image the circle C40 d, which loſes none of its qual breadth, ſituated without the true image, 
what. light by diſſipation, but is as ſtrongly illumi- or the circle ABDC, which is till darker, 


nated as if it were ſeen by Perfect Viſion, and 
is equally luminous in all parts of it; we ſhall, 
for diſtinction ſake, call the falſe image. 

19. I fay, 2. The circular ring ABDd6 a, 
comprehended between the circumferences 
of the two circles ABD, a bd, Fig. 2, 3, 
whoſe breadth is equal to the radius of 2185 
pation, or that part of the true image A BDC 


which lies without 3 image a bd C, will 


not be fo ſtrongly illuminated as the falſe 
image abdC, will gradually grow fainter 
towards its extremity. 

For, let the circles ABDC, @bdC, Fig. 4. 
repreſent the ſame things as before, and taking 
two points within the circular ring, AB D 
dba, one more inward as c, and the other 
more outward as m, from the centers c and 
m, with the radii cf, mn, each equal to the 
radius of diſſipation, draw the two circles ch 
fz, uno, cutting the circumference ABD 
in the points + and f, = and o, reſpectively. 

Then is it plain, that the pencil, whoſe cen- 
ter is the point c, will diſſipate its rays into 
the whole circle cfg; but that it will not 
receive light from every point in that circle, 
but only from thoſe points of it, that are like- 


and whoſe light gradually diminiſhes towards 
the outſide, till it becomes inſenſible, and at 
laſt vaniſhes away into nothing. 

For, let ABDC, Fig. 5. repreſent the 
ſame thing as in Fig. 2, and from the cen- 
ter c taken any where in the circumference 
ABD, with the radius of diſſipation c g, draw 
the circle of diſſipation cghf: and from the 
center C deſcribe the circle GFHC, touching 
the circle of diſſipation in the point g. Then, 
between the two circumferences ABD and 
GFH will be comprehended a new ring 
ABDHFG, of the ſame breadth with the for- 
mer ring ABD dba, Fig. 2, 3, 4. This new 
ring will receive light from the pencils, whoſe 
centers lie within the former ring ; bur it will 
be darker than any part of the former, and 
irs light towards the outer edge will gradual- 
ly diminiſh till it vaniſhes into nothing. 
This is manifeſt from the inſpection of the 
figure, where the light received by the point 
c {ituated on the inner edge of this ring is 
meaſured by the circular ſegment 5 and 
the light received by the point n ſituated 
near the outer edge is meaſured by the much 
ſmaller circular 0 


wiſe ſituated within the circle ABDC. All 
. thoſe points therefore, that are comprehended 
within the Lunula bf, return no light to the 


This ſecond ring, which lies without Annular 
the true image, and grad decreaſes in penumbra 
light towards its outfide, we ſhall take leave What. 


Point e in recompence of what they receive 
from it. The point c therefore gives away 
more light than it receives, and will conſe- 
quently appear darker than any point within 
che circle abdC; and this exceſs of darkneſs 
will be meaſured by the area of the Lunula hf. 

In like manner it will be found, that the 
point 1 muſt appear darker than any point 
in the circle abdC, and that this exceſs of 
darkneſs is meaſured by the Lunula » 0. But 
the Lunula o is greater than the Lunula bf, 
and conſequently the point » which is nearer 
to the outſide of the ring, is darker than the 
point c which is more inwardly firuated. The 
whole ring therefore is darker than any part 
of che circle a&dC, and grows gradually darker 


to call for diſtinction ſake, the annular pe- 
numbra. | 
From what has been ſaid it appears, that 
if the radius CA of the circle ABDC, or 
of the true image, be called 7, and the radius 
of the circle of diſſipation cfgh be called ę, 
the radius of the falſe image, or of the circle 
abdC, will be the difference of thoſe two radii, 
or r—e, the breadth of each of the rings 
ABDdba,Fig.2, and FGHDBA, Fig. 5, 
will be e, and the radius of the whole ap- 
pearance or of the circle CFGH will be the 
ſum of the radii of the true image and of 
the circle of diſſipation, or r —+ g. 
Having ſhown that a circular object, when 
viewed at too ſmall a diſtance for Perfect or 
Diſtinct 


J 
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inet 475 muſt a more ſtrongly 
— in the mddl. and fainter — 
the proceed now to conſider ſome 
i cauſes of this phcenomenon, which 
ſhall have occaſion to apply hereafter to 
other purpoſes. | 
21. If in Fig. 2, the radius of diſſipation 
be increaſed, the falſe image, or the circle 
abac, which es its full quantity of light 
as much as if the image were perfectly diſtinct, 
will grow leſs, and the ring ABD dba and 
the annular penumbra without it, ABDHFG, 
will both portionably broader, as 
in Fig. 6, and 7, fo that the circular ob- 
ject, from appearing as B, Fig. 1, will come 
to the ce C, or to ſome other where 
the nucleus, which is fully illuminated, will 
be ſtill ſmaller, and the ſhade ariſing from the 
two rings abovementioned, will be broader. 
22. If the radius of diſſipation be equal to 
the radius of the true image, as in Fig. 8, the 
falſe image, or the circle C abd, whoſe radius 
is r—g, will now vaniſh, and the ring 4B D 
dba, Fig. 6, 7, will degenerate into and take 
up the whole circle ABDC. Conſequently, 
there will now be no part of the image, that 
will have its full quantity of light as if the 
image were perfectly diſtin, except the 
central point alone which will receive light 
from every other point ; nor will there be 
any two points at different diſtances from 
the center, that will be equally illuminated : 
but the light decreafing all the way from the 
center will grow gradually fainter towards 
the extremity, as is manifeſt from Fig. 9, 10, 
in each of which the meaſure of light re- 
ceived by the point c, nearer to the center 
in the one, and more remote in the other 
is expreſſed by the gibbous ſegment gh. For 
in the firſt of theſe Figures, where the point 
e is nearer to the center C of the image, 
the gibbous ſegment gh and conſequently the 
light thrown upon the point c, is greater than 
in Fig. 10, where the point c is more re- 
mote from the middle of the image. 
23. If the radius of diſſipation exceed the 
radius of the true image, as in Fig. 11, we ſhall 
in have a portion of the true image, which 
will be more ſtrongly illuminated than the reſt, 
though not ſo ſtrongly as by Perfect Viſion, 
and which will be equally luminous in all 
parts. And this portion will be ſeated in the 
middle of the true image, and will be ſur- 
rounded by an appearance leſs luminous and 
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decreaſing gradually in light towards the 
outer edge. 

For in Fig. 11. let the circle CABD re- 
preſent, as before, the true image of a circu- 
lar object upon the Retina: And taking a 
point as c in the circumference ABD, from 
the center c, with the radius of diſſipation c 6, 
greater than Cc the radius of the true image, 


draw the circle of diſſipation cfgh. Then 


from the center C, with the radius C5, _ 
to the difference between the radius of diſſi- 
pation be, and the radius of the true image 
Cc, deſcribe the circle Caba, touching on the 
inſide the circle of diſſipation in the point 6. 
Alſo, from the fame center C, with the radius 
Cg equal to the ſum of the radius of diſſipa- 
tion cg, and the radius of the true image Cc 
added together, draw the circle CFGH, 
touching the circle of diſſipation on the out- 
fide in the point g. 

24. Then, I fay, 1. that part of the true image, 
which is repreſented by the circle C a bd, will 
be equally luminous in all parts. For the 
point & in the circumference of this circle 
will be diſtant from c, the moſt remote point 
of the true image, by juſt the radius of diſſi- 
pation be, and will therefore receive light 
from that point c. Much more will the point 
b receive light from every other point of the 
true image leſs remote from it than the point c. 
And much more ſtill will any other point 
within the circumference abd, receive light 
from every point of the true image. 

Since therefore each point of this circle 
Cab receives light from every point of the 
true image, this circle muſt be equally illumi- 
nated in all parts. 

25. 1 fay, 2. this circle Cabd will not be 
ſo ſtrongly illuminated, as if it were ſeen by 
Perfect Viſion. 

For, ſince any point in this circle, as C, 
ſcatters its light into a circle as large as the 
circle of diſſipation, and receives light only 
from the circle CA BD, leſs than the circle of 
diſſipation, it is manifeſt, that this point gives 
away more light than it receives back, and 
conſequently muſt be leſs luminous than if it 
were ſeen by Perfect Viſion. 

26. I ay, 3. that this circle Cabd will be 
ſurrounded by an appearance leſs luminous, 
and gradually decreaſing in light towards its 
outer extremity. 

For around this circle will appear the ring 
abd DBA; and without mh..." 

2 


Faint falſe © 
image 


what. 
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the annular penumbra ABDFGH, in the ſame 
manger and for the ſame reaſons, as in Art. 
I 5 
. This circle Cabd, which is 
minous in all-parts, and brighter than all the 
— er though not ſo bright 
as if ſeen by Perfect Vi —— mag 
reaſon call the faint falſe , 
————ů 
that if, 2 — 


faint falſe image Cabd will in- 

nearer to the | 

of the tus image CAB D; and the 
264 D BA will grow "narrower. 

28, If the radius of difſipetion be equal to 
the diameter of the true image, as in Fig. 12, 
13, the faint falſe image, or the circle C aba, 
whoſe is r, or 27—r r, will now 
be equal to and coincide with the true image 
CAB D. And this image will be equally illu- 
minated-in all parts, but each. point will have 
but — —— Gy oc. 

as ſtrong, as 
Ei ad been foen by Perfect ges. 

For any point, as c, taken in the ex- 
tremity of the image CABD, Fig. 1a, will 
diſſipate its light into the circle gfbc, and 
will receive light only from the circle 4B DC, 
which is but a quarter part of che circle of 

ion. And another point as c taken in 

the middle of the image CA B n, Fig. 13, 
will likewiſe diſſipate its light into the circle 
gfbc, and —ͤ— light only from the cir- 

e AB Dc, which is juſt a quarter part of 
— of diſſipation. The middle. therefore 
and the extremities of the image ABD C 


will be equally illuminated, having each a 
quarter of the light they would have © had, had 
the image been diſtinct. 


29. The ring 254 DBA, Fig. 115 whole 
breadth was g—azr, which was comprehended 
by the circumferences of the faint falſe image 
and the true image, will now. vaniſh by the 
coincidence of thoſe circumferences. 


30. But there will {till appear the annular 


* 


penumbra, — the 
will be fainter than mn ch mage, will and will gra- 


lu- 
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hich 


dually grow 

— — — 
he res eee 
equal to the radius diſſipation; 

For, in Fig. uh; 115, 26, let the circle 
ABDC the true image 


— — — 


with the radius CG, compoſed of C4, the 
radius of the vun image, and the radius of 
diſſipation added together, draw the circle 
GFHC concentrick with the circle ABD C: 
Then will che ring GFHD BA compre- 
hended between the two circumferences 
menge 5 
radius of diſſipation. 

Likewiſe, from any point of this ring as 
c, with the radius cg to the radius of 
fpparion, draw the circle ef diſſipation c fg b. 

31. Then, I ſay, 1. Den 
n penumbre fainter than the image. 

Far che pointemniil receive light onlyfem 
the pencils-whoſe centers are fituated in the 
circular ſegment” Fg. Therefore this point c, 
and * every point in the ring, 
will mag —— than every point 
within the image; ſince every point within 
the image, does, as we have already ſeen, 
(Art. 28) — light: from averp- char 
point within the image. 

33. I ſay, 2. this eis will grow gre» 
dually fainter towards its outer edge, and-at 
the very extremity will dwindle into 

For, if che point e be gradually removed 
fartber towards the outer edge, as in Fig, 14, 
15, it is manifeſt from the inſpection of the 
figures, that the circular ſegment fg, and con- 
ſequently the light derived from that ſegment 
Bo nes — diminiſh : And 
— — — 
mity ring, as in Fig. 1 egment 
Fs and che light derived from it muſk. yaniſh 
into nothing, che circle of diſſipazion then only 
touching the circle 435. 

33. I the radius of diſſipation exceed the 
diameter of the true image; then to the true 
image will be joined a ring ſcattered 
light, which ring will be illuminated equally 
with che rrae image, ſo that the true image 
one appearance, or faint. falſe image, eq 
ſtrong in all parts, but of 1 
chan if the image were perfectly Spe. 
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outer extremity of che aunular penumbra of 
a brighter object, the light is but juſt 

enough to S Fa ir will not at 
affect us at that fame diſtance, when the ob- 
Jet is lefs laminous, | 
MP mod mage Bayh br 
"hearer do tix outer 

„ than when it is ſmaller. 

For the light in a given point of the 

annular penumbra will, ceteris paribus, be pro- 


portional to the circular ſegment cut off from 


"the true image by the circle of diſſipation, of 
which the given point is the center. 
r er d eee 5, be taken fo 
near the outer extr 3 of the crete r. 
vumbra, as that the light . 
bur juſt ſtrong enough to fect the ſenſe. 
Then will the circle of diſſipation belonging 
to this point m, cut off from the rrve image 
ABDC,”a' circular ſegment” no, of a given 


depth; and the light in che point will be 


8 that ſegrnent, 0. if the 


or the true image, ABD 
| arm n eee 


depth is will have a leſs breadth, and 
conſe ES ** nude. Therefore 
the light inthe WU OD OTE 


W from dn ng e 
Keen Wyo Gl e the ect is 


not collected into a point upon the Retire, 
but occupies 4 circular ; 


ſpace thereon, it is 
manifeſt that in all caſes where a pencil "takes 


up a circular ſpace upon the Reina, the phe- 


xomend Will be the fame. 


W remote for Per- 
the rays of a pencil iſſuing from 


erge to and unite in a point, be- 
fore they wh ar the Reina, and by diverging 


| from tie poi yi take ch 4 r race 


the Retina. 


| r 
v may ariſe from a circular object placed 


it too great a diſtance for Perfect Vun. 

Ar. Now, the human eye; as we ſhall avs 
occaſion anon particularly to ſhew, when not 
roo much flatted by ape, 


bodies, and is not at all accomodated to ſee 


_ objects very r tho” at much lefs dif- 
bs. rances chan thaſe of the Planets or Fixed Stars, 
1 ect diſtinetneß Therefore n Planet 

or Fixed Star muſt to our eyes exhibit ſome | 


is only fitted to ſee 
_ diſtinQtly at moderate ee from our 


of "the _—_ J's 
eee 


42. The full Moon will 
than a circular object e an lee 


angle ſeen by Perſecł Vi 
For, b ke R 
5, repr ent the, true image of the full Moon 
n the Wee or the image of a circular 
ject ſeen b 1 oth my , and ſubtending 
an G5 angle wi | Moon withour 
this circle there ky ee a ponumbra re- 
preſented by the ring ABDHFG, which 
being added to the circle ABDC will con- 


ſtitute the whole appearance GFHC, which 
1 peg than AB DC. 


1 0 the Moon inſtead of being a globe, 
1 , ſomething | 
Sn the light equally every way 
from every part of it; it would then exhibit 
2 the phenomena. deſcribed in Art. 18, 19, 


kerne i this plane di were to fub 
tend at the eye an angle of 32%, and conſe- 


quently its true image ABDC, 
the began hs e en 


angle of 32 ſubtended by this disk at the 


eye; and che radu of di 9 


eye be ſuch as correſ 
2 ſubtended at the eye b 2 way 
rckove good ey, vpn vim _ 
recko eyes, upon ing cxleſti 
bodies; then by Art. 18, a part of the true 
image, repreſented by the circle aA, would 
= brighter than the reſt, and the diameter 
of this part would be 28': And by Art. 19. 
another part of the true image, repreſented 
by the ring abdD BA, 2 in breadth, would 
mart iminiſh in brightneſs til at its outer 
ABD i had leſs than half the 
brightneſs of the part 254 C: And chis ri 
by Art, 20, would be ſurrounded by the au- 


"ular penumbra ABDHFGE, Fig 5 —— 
2 tninutes in breadth, which from an 


wich che outer edge 5 the 

. within it, would gradually grow weaker 
"towards its outer and. Ln would va- 
niſh to nothing. So that the breadth of the 
whole appearance compoſed of the true image 
and this amnlar penambra would be 36, ex- 
cept that a lirtle o the outer part of the annular 
pumbra might be too faint to be diſcerned, 

d conſequently the breadth” of the whole 
appearance might be ä than 3 1 
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44 Andfarther, guy deny hy Wer 
although ſpheri et were neither poli 
nor pot orig uneven, but a little 2 
all over, ſo as to reflect the light equally e- 
very way from all parts of it; then chis ſur- 
face ought to reflect light to the eye from 
8 juſt in . bop 7 thy 

e corr of a.p 

any rin ork ant little ſcabrous, in- 
to which the parts of the ſpherical ſurface 
are projected by the eye, Conſequently, this 
ſcabrous ſpherical Mo ought, to exhibit all 
the ſame ph,enomena as the ſcabrous plane 
W preceding article. 

5. But, in fact, the Moon does not ex- 
hibl all theſe phenomena. The middle part 
does not brighter than the limb. On 
the contrary, the limb of the Moon for a di- 

or two in breadth appears as bright, if not 
Fade en the male What ſhould be the 
cauſe of this a e, which from our rea- 
ſoning above ſeems fo little to be expected? 

46. This appearance proceeds, as I appre- 
hend, from the two following cauſes. 

1. The middle part of the Moon is in 
great meaſure taken up with the faint re- 
ſemblance of the human face, which is darker 
than the other parts, and being likewiſe more 
depreſſed than the reſt, is therefore . 
Philoſophers taken ſor ſeas in the 
But the outer part of the Moon fas — 
have a much leſs proportion of thoſe dark 
parts. This is one reaſon, the outer 
py ſhould appear brighter than the middle. 

the outer 

= . be oppo 
e middle part; yet it muſt appear 

than the middle For the ſea 


lies dir REM the 

= of 
rtion to the land: But the 
r limb muſt be either wholly, 
n great part hid from the eye by the pro- 
minence of che land, by reaſon of the con- 
vexity of the ſpberical figure; juſt as the 


at Dover, to an eye raiſed to a great 
height in the air and viewing them obliquely, 


might be ſo projected, as to appear adjoining 9 


to thoſe at Calais, and by that means to hide 
the intervening ſea ; o „ 
ver is hid from an eye placed 
n 


two Lee 
ee reer he ab oh Jen 


of the Moon 


full mag- "lth, ORE 


N 
. who haye been muc 


123 
notwithſtanding the diſſipation of its Ilght 
indiſtinct viſion, yet ſtill conſiderably ſtron ET 
than the middle part, where no light | is loſt 
by diffipation. 

For Fnſtancs if the limb by diſtinet viſion 
be above twice as bright as the le part, 
5 ＋ pan ve 25 half its lebe 

iſfipatio than 
* . Mata IPRA * 

4 ſecond of theſe cauſes 

us the reaſon, why the annular —1 


which by our theory ought to encom 
the Moon, may decreaſe _—_ flowly = 


towards i its outer edge, ſo as that the in 
on ightneſs between its inner and outer part 


leſs ſenſible than it would otherwiſe 


WT oa 5, be taken near 
the inner edge of this 4, and another 
e its outer edge, the 
the firſt point e will bear 

thrown 


by their 3 oe 2 diſſpatiov cfg b, 
wiv? 3 
5 0 Lal pe K. = 

eration we 4 


2.3 But no note diffi ents it- 
ſelf, If the Moon 1 27 i 
N is but 32 
the ancient aſtronomers, and thoſe of the 


moderns Iixewiſe, who obſeryed by plain ſights, 


as the noble Hevelivs, muſt baye made the 
apparent mean diameter of the Moon much 


D Yank b Torn is Be by ick 
by Diſine 


PR Pt. by Perfect or at leaſt 


mw of anfoer, that the obſervations, which 
are handed down to us from antiquity, are 
probably thoſe of the moſt ſkilful and moſt 
experienced obſervers, But thoſe perſons, 
_ accuſtomed to con- 


template very remote objects, as muſt be 
the caſe of the moſt experience 
Qz2 eh have 


Da Ju IR'e ESSAY UPON - 


. $4 
* - $4 4 g Sg 


* ; — 2 144 — — +40 ha # # 
- 26) let CAB 
2 


part. 1 * 
. 144 bs 
For, in Fig 


the n image of che whole Moon, 45214 
the 3740 nge of the enlightned part; DE-A 
the trus image of the obſcure part, 46 4 the 


part, FG H the edge of the annular 


| procmirs of he whole Mood, LEM KL, 


tion to the obſcure part, for as much 
as to the true image of the illuminated part is 
added not only the awnular ehr DGN 
524 L on the ourſide, whoſe breadth 'B G 
is equal to the #4diut'of diſſipation, but ao a 
like peu on the inſide of the ſame breadth, 
LEMDIAL; whereas the obſcure part is 


takes up. itisi Th Gos LIN FIR HD 4155 

55: Likewiſe; as by Art. 19, 20, the light 
of the obſcure part diminiſhes outwards from 
the edge of the faiſosmage @b d, it can hard 
ly be viſible much 3 outwardly than that 
edge, eſpecially where it is oontiguous to the 
ſtronger light of the cuſps. Con 


* 


8 . % 4 *% d& : 
- 5 
as the ill 0 


* 


That che effect we have been ſpeaking 
ariſes from the cauſe here aſſigned, = 
from the principle that has ſometimes been 
made” uſe df toy account for fuch like Pb 


Fig. 21, or the circle in Fig. 22, 
white, be viewed at a- diſtance proper 


Yifon; and the light part will appear to intrench 

upon the dark pg Mes | 

wards beyond the dark part. Afterwards let 

them be — — ＋ 
for Perfe# Niſon, which is eaſily 

, CUES | 


hw  - - 
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N. B. To make chis experiment ſucceed 


pencil andahe paper laidupona blacher ground. 
37. The other Planets, which by reaſon of 
* "their greater diſtance appear much ſmaller 


lar penumbra cannot be ſenſible to its, very 


extremity, by Art 39, the image of Jupiter 
being much ſmaller than that of the Moon. 


2. If the apparent diameter of Mars, at his 


2 diſtance from the earth, be 6 when 
ſeen by Perfe& Viſion, the breadth of the faint 
falſe awage, equally bright in all. parts, will 
be 2345 that is — times the diameter of 
2 on . Perfect Viſion. 
Wee diameter of Venus, at 
tf me f * earth be 18 
0 aint falſe nage, equally 
bright in all parts, will be 222", that is above 
12 = ch of Venus ſeen by Per- 
feci Vion... 
By this means therefore we may, account 
for the radii edventitii, which Mr.* Hox RO 


Venus in ſole viſa. Cap. xvi. 


ſays fo far upon all the aſtronomers 
before as to make them think. the ap- 
Gamers of re lanes or 10 nes 
bigger chan they really really 1 
$8. Whea'zp of theſs planet in at 
the greateſt diſtance from che earth, and con- 
ſequently has the leaſt apparent diameter ſeen 
by Peek Vißer; its fun, falſe e in the 
largeſt; For, by Axt. 37, the diameter of the 
eint falſe; image is. 2 But when the 
apparent diameter is — 
that diameter, ot ar, is the leaſt, and 24. is 
2 conſtant quantity: Therefore 242 i 
then greateſt, or che diameter of the fai 
n 
59. When the apparent diameter of a pla- 
wer ſeen by Perſe Pin is greatly diert | 
e between the and mean 
A of the planet from. the  carth; the 
— ita apparent magnitude — 
indiſtinct viſion may be inconſiderable. 
. For inſtance, let us: ſuppoſe — 
diſtance of Jupiter from the earth, to bear 
to his leaſt diſtance the proportion of 5 to. 
This will make a change in the apparent dia- 
meter. of ſeen by Perfe& Viſion, from 
a aps nearly; this addition of 10 
to 38 1 is very , being a 
part. But the diameter of the fart folſe image 
of Fupiter, by Art. 37, at his mean di 
is 202", and at his leaſt diſtance is 192”, the 
difference being 5, part only. And the dia» 
6 Wb rus yr Fupiter, 
taking in the annular penumbra, are at thoſe 
diſtances, 278, and 288", ively, the 
difference between which is 2 


apparent diameter at his neareſt diltance will 
be three times as much, or 18”. But the di- 
ameter —— —ͤ—ͤ— 
mean R 37, be 234 und 
at the leaſt —_— . h 1 
rence betw being 12. in 
60. When Marr by Perfeci Vie would Why Mars 
appear gibbous, and Venus by Perfet®Vifion and Venus 
acne the wo gibbous, at; GI, . 
the appearance o & planets 
indiſtinct viſion willbe roach the fame re © 


their whale diſks were illuminated. er — i 


ance of * 
the fixed the tircle diſſipation. 


will be-very nearly 


126 ; D* Just n's ss AT uren 


ae en the carth is dichbromifed, hee 
Jn image will be an oval tranverſe 
of ditchotomy, whoſe ſhorteſt 
diameter will be '2e—27, that is 240"—18", 
WANFT Aaghs wget diner ihe 
2 1, is 9, or 2317, as 
Deen A be 
venus is a creſcent ever ſo narrow, this longeſt 
diameter muſt be ſotnething leſs than 240 
But che difference of 9, or 18% in 2225 


Fr. 7 — 
as anſwers to the diameter of 


maze Which is 
— Apr or 20-1, Ar 37, 


e oe n unde 
. — — 


. in che awzalgr penumbra — 


it, s aar, und the breadth of the unu- 


ler pemonbra is ar. But by reaſon of the ex- 


lik m «14 
the fimn-as-riue of he fins falſ image, 
whoſe diameter we have ſhown to be the 

lame with that of the circle o 

z. The diſtence between two ſtars will 


3 leſs chan it real 0 
3 


the radius of Pt 


Loc the rwo circles #fgb, mop, Fig. 23. 


— me are ſeverally equal to the 
— 7 pat, Art. er ae de 


e iel ach 18: 79742 


4 "+ 
* 34A 


images of two ſtars upon the Retina; let the 
line fu repreſent the diſtance between thoſe 
images, and the line cm the diſtance between 
their centers... Then it is plain, that the a 

parent diſtance f N the 
diſtance between. the centers of the two ſtars, 


by ef and m added together, that. in by twice 
the radius of diſſipation. 


the two ſtars will appear as one 
* 
For fince each ſtar appears under fuch an 


he Ht: thy ma tone phony er 


the image; fo that the two ſtars will have 
the fame. appearance as if one brighter ſtar 


o 


up by the two ſtars. 
65. After the ſame manner two ſmall cir- 


middle, when the radius 415, much 
exceeds the diameter of the objects. As the 


two points a, l, in Fig. 24, when ſeen very 
near, put on the appearance A, Fig. 25, or 


B, Fig. 26. 


66. A ſtar approaching very near to the Astar ſ 
edge of a planet may appear within the limb within 
of the planet, juſt as if the planet were tranſpa- the limb 


rent and the ſtar were ſeen through it. 


Let the circle 45 D Fig. 27, repreſent Moon. 


the Moon, and let c be a fixed ſtar very near 
it, as within 8” or 10” of the edge of the Moon. 
Then, I fay, the ftar will a within 


the limb of the Moon, a in Fig 28, where 
| — — the ſtar and FGH the limb of 


For in Fig. E 


preſent the true image of the Moon u 
the Retina, and concentrick with this dra 

the circle C FG , at the diſtance AF —— 
ane n Then y Ai. 20 
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the circumference F@H will appear as the the apparent limb of the Moon, as well as if 
limb of the Moon. And if the point c be the ring and the faint falſe image had 
taken very near to the circumference 43D, both been greater. \ Sond 
and frown this center, with the rad of d This may account for the Obſervation of 
pation cf, be draww the circle cg chat Pere FeunLEE, and likewiſe for chat of 
circle, by Art, 61, will repreſent the image Mons“ DeLantrs,' who both. ſaw a ſtar 
of the ſtar upon the Retina. But that image within the Moon's limb thro' a teleſcope, 
will be almoſt wholly comprehended within and the laſt named Gentleman/ has touched 
the limb GFH. Therefore the ſtar muſt ap- upon the true cauſe of that phanomenom, as 
within that limb. Mr. -Horrox, and more eſpecially the in- 
As for the circular ſegment g, which is comparable GAL IL xO had done before him. 
without the limb, it will be inſenſible to the 50. H a rectangular object be viewed at a 
eye, both becauſe of its ſmalineſs, and becauſe diſtance proper for Perfect fem; its 
the limb of the Moon itſelf is not even. upon the Reziza will be rectangular, (I mean 
But as the faint falſe image of the ſtar, as far as the ſpherical figure of the Retina 
when invironed with fo ſtrong a light as that — — 
of the Moon, will for reaſons hereaſter to be angle which the object ſubtends at the eye; 
ven, Art.'220, contract itſelf from the circle its limb will be well defined and all parts of 
cyxb to a leſſer circle as «no, che ſtar will the rectangular picture will be equally ſtrong. 
appear nor mo rg the limb of the Moon, Conſequently, the idea thereby excited in 
but at a conſiderable diſtance within it. the mind will be that of a rectangle equally 
67. This accounts for the Obſervations ſtrong in all parts, and well defined. 
SCHICKARD ſpeaks of in the following paſ- 71. If the ſame | rectangular object be Phzno- 
fage. Cynthia enim, quando ftellis appropin- viewed ata diſtance much too ſmall, or much mena of 
guat, cernitur advenientes amplecti &. aliquan- too great for Perfect Viſion ;, its picture upon indiſtinct 
rulum intra peripheriam perspicuam admittere, the Retina will ſtill be rectangular; but the Viſion in 
ultrinſecus vero exeuntes viſui reddere prius length and breadth will be greater than — 4 
quam pervenerint ad oram : quod Maeſtlinus proportion to the angles ſubtended at the * 
exemplo Martis, item Cordis Scorpionis ani - eye by the length and breadth of the object. 
madvertit Anno 1595. Diſput. de paſs. Nor will the picture be equally ſtrong in 
Planet. Theſ. 158, ande collegit, quodam di- all its parts, but the middle part will be the 
aphano velut aere ambiri: ſed bec experientis ſtrongeſt, and will be ſurtounded with a pes- 
ulteriori relinguo. Iſt) «mbra growing gradually fainter towards the 
68. After the ſame manner we may account outſide, whereby the limb will appear in- 
for Mars or Venus, &c. appearing within the diſtinct and ill-deſined. Conſequently, the 
limb of the Moon. 5 * | 5 _ thereby excited in e — 
69. The ſame appearance of a ſtar withi a rectangle too large, too faint 
the limb of the Moon may happen in viewing indiſtinct towards the limb. That is, in- 
the Moon thro? a teleſcope, if the teleſcope ftead of the appearance A, Fig. 30, it will 
be not good, or the eye of the obſerver have have the appearance B, or C, or D. 
not the exact conformation neceſſary for For let the rectangle AD Fig. 31, 
Perfect Viſion. | 115 repreſent that rectangular ſpace: upon the Re- 
For though the object appear ſufficiently tina, which the image of the object would 
diſtinct thro? the teleſcope, yet if there be take up if that image were diſtinct: Or, 
not Perfect Viſion, which by Art. 8 may eaſily which comes to the ſame thing, let ABD 
happen, there muſt be a circle of diſſipation, repreſent that rectangular ſpace upon the Re- 
and the radius of the faint falſe image of the tina, which is occupied by the centers of all 
ſtar muſt not be greater than the radius of the pencils of rays belonging to the indiſtinct 
diſſipation, by Art. 6, and the ring be- image of the rectangular object. This rectan- 
tween the true image of the Moon and its gle ABDe ve ſnali call che trive image of 
. lib muſt be equal to the fame the odject. Alſo, let the circle fghbe, having 
ius. Conſequently the image of a ſtat ay its center e in the perimeter ot the rectangle 
appear within that ring, that is, within ABC P, repreſent that circular ſpace upon the 
Retina 
» 
* Reſponſ. ad Gaſſendum. * Hiſt. de Academie Royale des Sciences, 1699. Ibid, Item Art. 1088 
of this Book, 
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=, will receive light notſrom the whole circle 


270 e. o reſpectively. There 


illuminated rhan the more outward point , 
tectan- or the area ABDCcabd will de- 


F. 
+ 
1 
8 
IDp 
17 
a: 
8 
{| 


5 
2 


j 
7 
T8,J, 
8 F 

2 

3 
3, 
1 
: 
8 
7 


BD draw the line GF touching the 
circle efg hin its outer pointf, and compleat 
GFHIdiſtant every where from 
the ABDC by the radius of difſi- 


E 


area ABDCcabd; 
but it will be darker than the former, and its 
light will gradually diminiſh towards the out- 
er edge 

This is manifeſt from 

light received by the point 


} 
F 


#0. ; 

75. From what has been ſaid, Art. 71, 72, 
73, 74. and from confideration of Fig. 31, 
32, 33, * plain that the rectangle a5 de, 
or the falſe image, is the only part that has its 
full quantity of light, and that the two rectan- 
| ay ary ar CABD, and ABDCHIGEF, 
both decreaſe in light juſt after the fame 
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manner ab de to IG which weaker without the line (fa, or towards. 
reaſon, and e uſe we ſl ee than within eee 
cafion-. re e bi ys en thels to. . ond a 

an e : 
ther, we ſhall here. upon the 


area Je HIGF, which we ſhall c 
name of the rect angular penumbra, 


76. But it ee look 


radins 15 . Ag draw FR circle 
diſſipation ' Agfe b, touching the lines I 


IH, in the points g and h re nd. 
produce ine OL EY 
the point 1 es the Wb We 


interſe& H Tin the poin 
feſt from the conſtruction, thar theſe two 


lines ch 5» muſt touch the circle T in... 


the points f and e a \ 71 


of the true image, as 4, ; th by e , make e 7 
Wt 


of diſſipation, can receive no li 


And this is equally tnis of e 


image. 
point in the ſpace gTh, comprehended * 
tween the two tangents 3 I, BI, Nad e 
Conſequently the rectangular 2 does. 
not extend to any part of that ſpace 

Farther, the point f receives light from a 
ſemicircle of the 2 true image, as Is plain from 


this Fire compared with Fig! 34; But the 
point A receives light only from 2 uadrant 


of the true image. Therefore the of 


the penumbra from f to A muſt be weaker 
than from f B, and muſt gradually 5 


decreaſe all the way from f to A. $5 


It is eaſy to ſee likewiſe, that the outer edge ; 
of the penambra, which is every where e- 


qually luminous in the tne G does begin 
to decline about the point /, and decreaſes gra- 
dually from / to g, where it vaniſhes. 2 

And alſo, it is plain from Art. 8 


._ . © ſtronger and Joer 46 4 l che other 
© hag” ig more eleyated an Hud, Cle, 


under 


* 43784 


- 
2 
_— 
. 
pe by 
4 * N 
y il wie. 26 12 
. * 4 A GEO a A * 2 ry F * * 
- l ” l 4 — tos. 4 Ge? < 2 
* 
—— . — — — — 
— 2 — Ar * 
a - * - - 
"_ - » »# 
> — þ . - 
pe — 


« lil raed Hom eee 


ig. 39. a 
$1. If the radius of diſſipation exceed bk 
ſhowy. wil bs 


. <wm—_—_———___ — A 


. CS 


— as 
— —— 


- a — — — A. — 
* 
- — — _ — 
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af of ir light therefore d the 
IF] 
"car ef the nähe bon un 
ſituated more towards the edge 
1 

febi, as is eaſy to perceive. 
The ee 5 

2 fl 


1, 


Imbw. | 

—————_— — 

— — ſituated in the very edge 

Free image, 'a cs ſegment or tle wen 
full les than v7. 

Therefore the ght E 
will decreaſe” from the middle 
breadthwiſe. 

Towards cher ende of the ne image 
2d. CD che —— will decreaſe 
bwiſe alſo. For the point x, in the line 
P71 — from £4 A equal to 
ang — 2 — 
| the irde Ay; but points be- 
tween x and 4, e a y 1 
than 2 ſemicircle, and the point A will be 
Warninated only by a quadrant, and any point 
— nd A in the line 24 
ced, will be illuminated by leſs than a 
quadramt. Therefore the ends of the 
« out "A Band C'D will be weaker" than 

the other parts. j 

82. If the radu e erobed We 
breadth of the true image, the penembra will 
be fainter in rtion to that'exceſs, but 
ſtill the middle will be the ſtrongeſt, and the 
Tight will decreaſe from the middle towards 
the outer r 
conſideration of 10. 8% 1 C 
33. When the radivs Aten ig very 
large i ——ä—ä—äꝙ — — 
1 will be very fa»it, but 


GE 


che point 
than the 
than 


For in Fig. 41, let * 


des of che rue image, AC and B D, to ap- 


together, and then it is plain, 
'Y E Ur be 
Fei, Imon, qrsr, and r, 
a 2 8 , p, and x are r . 
decreaſe very flowly in reſpect to 
the diſtances of che 
the thiddle of the 


I” faſk, 


to each other, when viewed v 


r 


0 . 


84. Very near che the permbre will let, that enco 
decreaſe s 


| and hen, and will be enger on the inner 
| * HM 2 . * f 4: of 


For in Fig. 42, the light thrown 
pot in Fig 42, he hight thrown upon 
„ 
e near 
that edge, will be meaſured by the 
i. But the ſegment i is much leſs 


” 


feu. Art. 83, 84, 85, 86. 


- 


88: Two narrow parallel lines neden Too p 


near, may 
put on the appearance of one ine, with a 
penwnbra on each fide of it. The two lines 


rallel lines 


appering 
as Onc 


A, Pig. 4 43) j, may, by viewing them very near, 
appear as | 


For, by * 87, each of theſe lines muſt 
appear as one broad faint line, and being 


near together their penumbræ will meet in 
che middle, and the part where they meet 


maſt apperr nearly of a double firength' © 


89. Two narrow lines meeting in a fn 


angle, when ſeen very near, may form th 


appearance. of an inverted wedge ſurrounded 
with" a pemumbra. 


The two lines C in Fig. 44, wen appear 


as D, when viewed very near. 


This & ca ved in che fame” manner 
e 


90. A titcle upon white paper, boutided 


dy a nerrow black line as its circumference, 


When viewed very heat, will appear lefs*than 
if it were ſeen ——.ꝓu OE the narrow 
will appeaf broad ſion. 


Circular 
lines ſeen 
by indi- 

_ 
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or concaye. fide, chan on the outer or con- perpendicular to the ſame radius: .the, ſ 
ven ſide; and che whole breadth of this faint intercepted between theſe lines r — 5 
appeamnce, or perumbrye, will be equal to be conlidered as a rectangular object of the 
twice the radius of diſſiparion, added. to the fame breadth as the circular Object, or ting, 
breadth of che circular ling. That ia, inftead ABDC. Me e N £1654 
of the appearance 4, Fig. 45, we ſhall have But by the inſpection of the figure che cir- 


the appearance B. Wt 
For, let — 2 —— 
of the circular narrow line ing che 
circle deſcribed with the radius EA: And let 
ehgi be a ſemicircle of diſſipation, having its 
center e in the outer edge of the narrow Cir- 
cular line 4 B, and cutting the radius E 
produced in the point g. Alſo let fi be 
another ſemicircle of diſſipation having its cen- 
ter e on the inner edge of the ſame circular 
line A B, and cutting the radius E e in the pointf. 
1 
ance, or penumbra, of the circular 
Dr point f, and 


{TY 


outwards . to the point g: Or, the 


cular ſegment fig is greater than what would 
be cut off from the r 
circle of diſſipation, 
whole radius is e h. 


object by the 
ole center id 4, and 


And che circular ſegment #9.0p is leGs than 
what would be cut off from the r 


| the circle of diſſipation, whole cer 
8 c of "pation, Cen 


breadth. of the pemumbra muſt be equal o ga. Since che breadth of the penxumbre A dark 


the two radii of diſſipation ef and eg added on the inſide is equal to the radius of diffi- ſpot in the 
to the breadth of he circular line A R. pation, it is manifeſt that the more this u- center. 

_ Conſequently, the-radiys of the white cir- dius i ſes, the more will the radius Bf, 
cle, or Ee will in this appearance be dimi- Fig. 46, of the white circle be diminiſhed : 


niſhed to Bf, the part fe being taken up 
91. I fay further, this penumbra will be 


ſtronger on its inner edge than on the outſide. 


For in Fig. 47, let the narrow circular line 
be repreſented by. the ring com 

ween the two circular lines. AB and CD, 
which ring is here made very broad to ren- 
der the we are going to ſpeak, of the 


more ible: And from the center E 
draw the radius Eg, cutting the inner and 


outer edge of this ring in the points i and 4 
reſpectively. Then ſetting off in this radius 
than the radivs of diſſipation; from the centers 
e and w, with the radius of diſſipation draw 


the arcs fbg, »po, cutting the circular lines 


CD, AB, in the points F and g, 1 and o, 


vely. 
Then will the circular ſegment Fi gh re- 
preſent the quantity of ſhade thrown from 


be proportioned to the diſtance. 
the two equal diſtances ie and gm, each leis 93 


And when the radius of diſipatiom becomes 
equal to the radius Be, the white cixcle will 
intirely diſappear, and in the room of it a 
black ſpot will appear in the center E, ſur- 
rounded with a. perumbra . whole: radius is 
double to Ee, the radius of the circular line. 
And this is found true in fact, when ſuch a 


circular line is either much too near, or 
much too remote to be ſeen diſtinctly: For 


then the object A appears as B, E as C, and 
Tas D, Fig. 48: but to make the experi 
rightly, the radius of the circular line muſt 


ence we have a good method of find- o me- 
adius & diſſipation at ſure the 
any diſtance without the limits of Perfect Viſion. radius of 
draw the circumference diffipation 
of a circle with a ſtrong black line, and 


ing by experiment the radizs 
pon white 
place the paper by gue's about the fartheſt 


diſtance at which your eye can ſee an object 
diſtinctly. Then retiring grad 


ar the ring upon the inner point e. from the paper, oblerve at what diſtance the 
ſeen Aud the circular ſegment gg will repre- white circle in B, Fig. 48, appears equal in 
i- ſent the quantity of ſhade thrown tromthe ring breadth to the penumbra on either fide of it. 
Vi upon the outer point . At that diſtance the radius of. diſſipation is 


Audi if thro che point 5 be drawn the right 
line ys perpendicular to the radius Ei, and 


thro' the point 3 be drawn the right line v: 


nearly equal to half the radius of the true 
image of thie circle. ET 


R 2 till 


132 Di Jenes ar UPON | 
din che bd ics viethes and den repreſent the circle diſip ation, which takes 
hey oy ; ' . — . 


Circular line. 

. — he central 1 

its upon t 

which portion of light being the == 
diſſipated from the centers of the 

the white ring, muſt conſiſt of the leaſt re- 
frangible rays, or the red rays. But this red, 
miring wich thebluiſh black of the central ſpot, 
muſt exhibit the appearance of purple. 


When ther 11 yr nan Rar 
of 5 ae will a 


he 


"Hinter tas oe fs 


pear in the middle a circular ſpot equally | 


in all TR Rn 


pear, if the eye 


97. When this central ſpot begins to ap- 
continue attentively fixed 
it, or if the ſun break out on a ſud- 


upon 
den from a cloudy ſky, or if at night a can- 


dle be ſnuffed ſo as to burn more brightly, 


* 
— alſe image, will be e- 
. SLES radius 
ag 3} Thor eee 
is eafily-ſhown after the 3 man- 


For in all theſe caſes che pupil contracts 
to a narrower a and the redius of 
diſſipation, which is always pro nal to 


>2 
radius is 7;'ebfgb the tirile ef diſſipation, - 
- Whoſe radius is e; the circle C a bi repreſents - 
the central ſpot, whoſe-radius is e—r; the 
circle CH F repreſents the whole appearance 
Whoſe radius is 7g, and the ring 2b FHG + 
repreſents the n round the central 
ſpot, whoſe breadth is a2“ 
Another 95. When the radar Fee is oqual 
way to to the diameter of the true image of the cir- penumbra will be ſtronger in the more con- 
— cular line, the central ſpot will then be equal cave part of the oval chan in the leſs con- 
I ©. in breadth to the trus image, and equal in cave part. E itte 
© . breadth to the penumbra encompaſiing the . Fr 
central point. en nes 1 807 
For e—r the radius of the {por will now 99. From the articles it is eaſy Letters of 
ee eee the reaſon, why a book of -a ſmall a book 
be ar equal to the breadth of the peur. print beld very near che eye appears quite ſcen by in- 
Hence we have another way of finding Confuſed. For, as the letters therein berein conſiſt diftine: 
_ the radies T , which muft be equal either of lines parallel to one another, | as V iſion. 
to twice the radius of the true image, when m,n, il it, &c. or of lines inclined to each 


mference of an oval will Oyals in. 
much the fame pbænomena, as the diſtinct) 
circumference of a circle, and for the ſame ſeen. 
reaſon. Only, the central ſpot will no be 
oval, and when there is no central ſpot, the 


A 


the faint falſe image, or central fi appears 
aid =o pt te E 
96. The central ſpot ye have been ſpeak:- 


other, as v, W; or of circular, or oval, or 


partiy oval lines, as o, o, c, e; or of a mixture 
purple of ſome of theſe; us 5, 4, p, 4; it-is plain 
ſpot in the ing of, does ſometimes appear of a purple from what has been above delivered, that 


center. e . 3 they will not Guy 
| think, happens the following form penumbre, — —— 8 
reaſon. At the time of this rance, the ill defined bur will exhibiz the app of 
radius of diſſipation exceeds*the radius of the foreign lines formed by the union of theſe 
true image by à lite more than the breadth eee berween the parallel 2 
of the circular line, as in Fig. 49, where n rl or i 
ABD rereen the cal lie, and feb cel, or oval, .or mived letters, ſo = 
er 


Points 
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render the true ſhape: n 
indiſcernible. 


confuſed and 


100. But a print conſiderably larger than 
that of the article, when viewed at 
the fame diſtance; will not be attended with 
the ap of theſe foreign lines or ſpots, 
becauſe the penambri will not now meet in 
fn 695 2 Pre. ys great between 
the letters will ap- 


— il dent d fornewhat indiſtinet; 


101. If the ſmall print be viewed at a 
diſtance ſomewhat greater than in Art. 99, 
it will now appear only ill defined and ſome- 
what indiſtinct on account of the penumbræ: 
But it will not appear quite confuſed, fince 
it is not now attended with any foreign: lines 
——— — 
—5 the # to coincide from 


- 2. That interval Þ in ie@if larger than- W 


the ſmaller print, and conſequently appears 


more ous, and thereby 
ſtrokes of the letters more ſeparate and diſtinct 


from each other. 


103. If the two be viewed at a 
diſtance ſtill greater, amt es will grow 
leſs, fo chat che ſmaller print will appear but 
line i and the greater not at all ſo, 
for much the fame reaſons as were given in 
the preceding Articles. 
And in this caſe, as the eye perceives no 
 indiftin&neſs in the larger print, this ſort of 
Vinion, akhough, on account that the rays of 
a pencil are not accurately collected into 
a point upon the | Retina, we call it imper- 
fectly diſtinct, 
guiſhed from Perfect Vifies. . 
104. We have hitherto conſidered. Perfect 


Ee Diſtin&t Viſon only upon the foot of a 


mined. 


® Traits des differens accidens de la Veũe. 


. to 


the 


cannot by the ſenſe be diſtin- 


133 
Kbaabech den, thar 5. J n ec 
wn, edt Von de 
upon the diſtance of the object ep and 
that| Difiindt ee the diſtance 
und magnitude ofthe object ind, 

It remains to conſider how er of theſe 
forts of Viſion may be procured by a change 
in the diſpoſition of the op, here ſome 
very Curious points themlelyes to be 
* Whether erfe 

Perfect Viſion in a ren 
is confined. to one nl Wee 


diſtance, or may be obtained at different 
FF 
ven 


i Wichin what lie theſe agen: gr 
are comprehended, or what is the 
— — diſtance at Which Perfect 
Viſios can be obtained in a given eye, by 
changing its conformation. 

III. What, is that change, which is made 
in the conformation of the eye, in order to 
obtain Perfect Viſion at different diſtances. 

IV. By what means Viſion, when it cannot 
be Perfect, is rendred Diſtinct, A lay 
fo. indiſtinct as it would otherwiſe be 

V. What change is made in the eye, eicher 


by babit and cuſtom, or by our growing in- 
** anne that 
e eye is capable of perceiving 

'Of ul thl Limend totreati fenden 


3 vey 


the famous M DE La HiRE is ofc 
opinion, * that there ig no accurate collection 


of the rays of a to a point upon the mation 
Retina, that. is, no P except 
when dhe object is at one one determinate tent 
diſtance ſuited to the eye of the obſerver. — 
The others maintain that the diſtance of the 

object may vary, and yet the rays of a pen- 


cil may be accurgtely united upon the Re- 


rina. Tbe experiment upon which Mons“ 
Ds LA HirE his opi 5 8 1 


Art. 15, Ge. 
is argument drawn 


The: ſame thing bas likewiſe been done by 
D N in the e 455 75 rf 


b N 


105. In che firlt of theſe points all Authors, whether 
that 1 I know of, agree together, Tag. 7 only the -= 


” * 
3 . 


en por of aevng its age ſo 


made a great number of tryals, in 
5 
oat ometimes thro' two narrow ſlits made 
near to each other in a card, ſometimes by 
held directly before the eye, which 
=” the fame purpoſe as the narrow in- 
terval between the pin-holes, or between 
the ſlits in a card. And the objects I looked 
at, were ſometimes round, as a pin-hole in a 
card ſet againſt a candle; ſometimes long, 


e 


better contriyed, and were more methodical- 

by made bm mis 1 fully acquieſce in the 
he has given, that the eye has a 

— — 


„ a a S-©» 


1 ms; We pak re to me been 
9 


enquire within what limits theſe 
— diſtances are comprebended, or 


what is the leaſt and the greateſt diſtance at 
which Perfet# Vifion can be obtained. 


The firſt of cheſe limits; or the leaſt di- 
| ftanceat which we can ſee with Perfect Viſion, 


is eaſily ſettled. For befides D* PorTER- 
FIELD'S: who determines it to 
be about 7 inches to hls own eye, we have 
the concurrent of the 

of perſons who-are at their full growth, 


whole eyes are no way impaired by age; for 
* 


Memoires de I Acad. Royale 1728, 1730. 


— 
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as much as in looking at minute objects, 2 
the diviſions upon a Gunter line, or thoſe 


of a diagonal ſcale for half an inch, or in exa- 


mining the fineneſs of linnen an abs gra: re 
r the obj 
at 5, 6, or 7 inches from the eye. þ wor 


wards LENT 
107. But as for the other of theſe li 


ty. 
This greateſt diſtance is by p- PorTER- 
nk i Wt he: i od 
es. But that to the generality. of eyes 
this diſtance --/is much greater, may 
reaſonably be preſumed from the di- 
ſtinctneſs which we ſee a ſmall miſling rain, 
when in a piazza, or coming out of 
a church and within not lefs than fix or ci 
Fre ry ate ig 
upon which {| 
fig phe bye wy out 
a boy's at a great in the 
air. And to find — — 
„ö proper to determine the 
adius of diſſipation at ſome. great diſtance by 
2% wor pp ae 
and from to compute at what lefler 
diſtance the radius of diſſipation muſt vaniſh, 
Fl 
Perfect Vin. But in order to do this it will 
be necei to conſider the meaſures of ſome 


follow the famous Monſ, * PETIT, he having 
beſtowed: more pains upon the examination 
of them than any other Author I know of; 
but ſhall reduce chem from the Brexch lines 
in which he has given them, to the tenths of 
—_ — inch and decimals of thoſe 
n fallowing herein the propartion ofts- 


yard and the half toiſe of Paris, in ſome 
very accurate meaſures that have been mu- 
tually exchanged between the Ro Soriery 
and he Royal Academy of Sciences at Hern, 
namely chat of 36 to 38, 355. — 


The radius of the convexity of 
the cornea is commonly 155, 3294 
The 


DISTINCT. AND InDISTINGT visto. 


 enths, 
79 — at melt 3 158. 
um from 26 eyes is 
8 r poſterior con- Siu 
© vexity t cryſtalline at a me- 6. 
dum frotm all the fame eyes is $4.5 2 * 
The a or teſt thickneſs of 1 
the cryſtal fomallthe me $ I, 8525, 
es at a medium 1s 
The joint axis of the corned ae 


| 169 be refra@tion of the aqueous hu- 
mour, or the proportion between the ſines 
of incidence and refraction, we here ſuppoſe 
to be the fre with that our of air into water, 
namely that of 4 to 3.- 

110. The refraction of the cornea we ſup- 

ſe to be the ſame with that of the 
umour, ſo that the incident rays fi 
new refraction in paſſing from the pan 


into the aqueous humour. 34 
111. The pro between the fines of Pont 
incidence and r upon paſling out of 


the aqueous humour into the cryſtalline, we 
take to be that of 13 to 12, upon paſſing 
out of the cryſtalline into the vitreous hu- 
mour, that of 12 to 13. 


dees from an oxe's j 
rtion a little more : Pi 


berton + ſeems to think it 2 little teſs, but 
his iment was not accurately made. 
"A By computing upon theſe wo 1 
and refractions it will be found by Art. 369 
of this Book of Opticks, that ſuch an eye 
will collect parallel rays into a point at the 
diſtance 4 M from the outer ſurface of the 
cornea of 8, 9993 tenths, that FM is 23,9762, 
AL=5,3732, IL=2,0559; and the rectan- 
gle ILX f M==49,2526. fl 90 
113. Hence, if AP, the preateſt diſtance 
at which the rays of an objeet can by the 
eye be collected into a point, be 2 es, or 
7 2— MS will by Art. 370 of the Book 
of Opticks be found equal to o, 18613 and 
by ſo much muſt the Revina be fituated behind 
te point M in order to have Perfe# Viſen 
ar the diſtance of 27 inches; and at all greater 
diſtances than 27 inches che pencils cannot 
be collected into ſingle points, but muſt each 
of them occupy a circular ſpace upon the 
Retina 


= 28 1 4 120 ud bd 
92 0 
* Phyfico-Mechanicdl Kxperlinenty,” 


— — ſhall 6nd che angle 
45779 be nearly 13. So that a ſtar mult ap- 


114. Let us now examine PSS. . . 
image of a lucid point ed at an infinite di- 
TANCE, 2 © nbd ſtar, wilt upon this ſuppo- 


fition occupy the Rerine, and what 
gle the ftar üs ppear to ſubtend * 


By Art. 386 of the Book of Opticks, when 


PL i infite, Xx = ZEND and vp Art. 


2 77 x: 4adby 
388, ZxY LI XFN. Hence 
PP ABT MXR » 4 
F TNT 


e 
E lain that object 
ſtar muſt ap 1 

to ſubtend the 

the e 


833 


AX MN 
is meaſured by LTA 


by 0 muſt be pretty near 
and MX be equal to MS, or by the PIece- 


pear to be about 26 in diameter, or equal 
to between 8 and 9:digits of che full Moon, 
which is contrary to e 

115. Likewiſe two ſtars, which are not more 


aſunder than 26 minutes, will by Art. 63, 


ap contiguous, which is alſo contrary to 
— For 2 Buyeri, or the middle ſtar 


— the tail of che great Hear is diſtant from 
nm men 
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diſtance between them is caſily perceived. And if we were even to ſuppoſe 
116. Alſo the diftance between the two rl 4 1: 

as one tenth © 


conſpicuous, and might, as I judge by Art. 115, 116, 117, s 

own eye, and am imformed by ſeveral other rience. 3 
young and old, be plainly diſtin- Alſo, by Art. g of the Remarks, by a mo- 

f if it were leſs than it is, it 

LBC... : 

IRON & Relouh, Uhr the 

diſtinguiſh a much leſs int be- 

nnn r 28 

e eye can have Perfect V; Perfect Viſion : penumbre of two 

diſtance than 27 inches. awry plan ey ky be 

we ſuppoſe a ſtar to appear middle of the ſpace between them, unleſs 

of 6, and conſequently that the intervals of thoſE lines be half a tenth of 

iſcern the interval between an inch aſunder, that is, the print of this 
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121. We come now to the third point How the 
propoſed in Art. 104, namely, What is that — pf 
change, which is made in the conformation its confor- 

mation, 
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figure, ſo as to render the axis ſo much lon- 
ger as is neceſſary to unite the pencils into 
points upon the refine. 

But to this opinion it may reaſonably be 
objected, that in many animals the ſclerotica 
is {© hard, as not to be capable of changing 
its figure by this preſſure. And that even in 


men. and other animals, where the ſclerotica 


is leſs hard, yet this preſſure of the muſcles 
can never be ſo equal as to affect the fibres 
of the retina alike in all but that its 
fibres muſt in ſome places be crowded cloſer 
together, or more preſſed inwards, than in o- 
thers, which muſt needs difturb the viſion. 
To which we may add, that no ſlight preſſure 
will be ſufficient for the effect propoſed. In 
order to render viſion perfectly diſtinct at all 
diſtances from ſix inches to 14 feet five inches, 
it muſt be ſuch a preſſure as will lengthen the 
axis of the eye one tenth part, and to do this 
the retinas muſt be reduced from its ſpheri- 
cal figure to ſuch an oval, as very much to 
diſorder the range of its fibres. 

123. A ſecond opinion is, that the eye, 
when at reſt, is fitted for ſeeing the neareſt 
objects diſtinctly; and that in order to diſtinct 
viſion of remote objects, it is preſſed againſt 
the back of the orbit, ſo as to render it flat- 
ter and its axis ſhorter. 

But againſt this hypozbeſis all the ſame ob- 
jections, as we have urged againſt the former, 
may juſtly be made. 

124. A third opinion is, that the eye, when 
at-reſt, is ſuited to the moſt diſtant objects, 
and that in order to ſee the nearer ones di- 
ſtinctly, the cryſtalline humour is by means 
of the ligamentum ciliare drawn forwards, 
ſo as to increaſe the diſtance between its back 
ſurface.and the Retina ſufficiently to unite the 
penclls into points upon that membrane. 

But to fee objects with Perfect Viſion from 
4 feet five inches to ſix inches, it would be 
neceſſary that the cryſtalline ſhould be drawn 
forwards by about 0,87, which the ves will 
not permit, there being no more than the 
diſtance of 0,22 ar the moſt between the 
«vea and the cryſtalline. 

125. A fourth hypotheſis is, that the eye, 
in a ſtate of reſt, is accomodated to the neareſt 
objects, and that in order to ſee diſtinctly the 
more diſtant ones, the ligamentum ciliare 
contracts, and thereby draws out the cryſtal- 


* Diſlert. Phyſico-Medica. 


line into a leſs convexity, 

But to ſee objects perfectly diſtinct from 
ſix inches to 14 feet five inches, the altera - 
tion in the convexity of the cryſtalline muſt 
be very great. For the radius of each of its 
ſurfaces muſt increaſe more than 4 of what 
they are at preſent. But the cryſtalline is of 
too firm a texture, and the /igamentum ciliare 
my much too weak, for ſo great an effect 
to . 

126, A fifth opinion has been advanced 
the Learned and Ingenious D* * ro ew 
that in order to ſuit the eye to the near 
objects, one ſurface of the cryſtalline is to be 
rendred more convex, while the other grows 
flatter. And that, to ſuit the eye to the more 
diſtant objects, one ſurface of the cryſtalline 
is rendred flatter, while the other becomes 
more convex. And this alteration is ſuppoſed 
to be made by certain muſcular fibres within the 
ſubſtance of the cryſtalline. But this ſentiment 
has not been ſo fully explained by the Learned 
Author, as we could wiſh. 

We ſhall therefore only take notice, that 
if the eye is to be accommodated to near 
objects by rendring the anterior ſurface of 
the cryſtalline more convex, while the hinder 
ſurface grows flatter, which for many rea- 
ſons ſeems to be the moſt advantageous and 
convenient method; then in order to ſee an 
object with Perfect Viſion at a diſtance of 5 
or 6 inches, the radius of that anterior ſur- 
face muſt be leſſened from 3, 308 f to 2 near- 
ly, if the radius of the hinder ſurface be 
increaſed only from 2,5056 to 3. And in 
order to ſee an object with Perfect Viſion at 
the diſtance of 14 feet 5 inches, the radius 
of the anterior ſurface muſt be increaſed to 
5 nearly, if the radius of the hinder ſurface 
be diminiſhed no more than to 2. So that while 
the hinder radius changes from 3 to 2, the 
anterior radius, in order to ſee perfectly at all 
diſtances from between 5 and 6 inches to 
14 feet 5 inches, muſt be more than dou- 
bled. But this ſurely is too great a change 
for a ſubſtance of ſuch a conſiſtence as the 
WG i pn 

t at the dem 
on hh 2 Learned Gentleman — 
his opinion, are all built upon this ſuppoſi- 
tion, that in viewing objects which appear 
confuſed, the pupil is always contracted to the 
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leaſt fize it is capable of. For that this ſuppo- 
fition is contrary to experience, will appear 
anon. 

127. Meeting with no ſatisfaction in any 
of the hypozheſes above related, I have applied 
myſelf to a diligent conſideration of the 
of the eye, in order to find out, if poſſible, 
ſome power or powers ſeated within it, by 
which its conformation may be ſo altered, as 
adequately to anſwer the effects obſerved. 


And in order to enable the reader to judge | 


how far I may have ſucceeded in this re- 
ſearch, I ſhall, before I lay down my own 
opinion, examine a little into thoſe parts of 
the eye, which I think ſubſervient to the ef- 
fect in queſtion. 

128. The cornea is a compreſſible and 
ſpringy membrane, eaſily giving way to any 


force external or internal, and eaſily reſtoring 


itſelf to its former figure by its own ſpri 
aſſiſted by the preſſure of the aqueous RE 

129. The ve is a muſcular membrane, 
and as ſuch is capable of contracting itſelf 
into leſs dimenſions. Ir ariſes from a circular 
ridge or protuberance running all the 
inſide of the cornea at its juncture with the 
Felerotica, which ridge I do not remember to 
have ſeen hitherto taken notice of by any 
Anatomiſt. 

That the ve is furniſhed with a narrow 
ring of circular muſcular fibres on the edge 
next the pupil, is now generally agreed by 


Anatomiſts, th I think, not ſo much 


from their being to demonſtrate thoſe 


fibres, as from reaſon; for as much as the 


contraction of the pupil upon a ſtrong light, 
or attentively viewing a very near and 

object, is plainly viſible, and that con- 
traction is juſtly preſumed to be owing to ſuch 
a muſcular ring. Mr. Rauyſch indeed has re- 
preſented this ring of muſcular fibres in one 
or two of his figures, but he tells us at the 
fame time, Sculptor hic juſto diſtinctius repræ- 
ſentavit, nam in objefo ipſo non ita luculen- 


rer viſuntar. And in another place he in- 


genuouſly declares, + Fateor haſce fibras cir- 
culares non tam luculenter conſpici poſſe, quin 
ocul; mentis in ſubſidium ſint vocandi. 

It is likewiſe an agreed point, that the 
ves is furniſhed with ſtreight fibres inſerted 


into this ring, and having their origin from 


* The. Anatom. II. p. 87. + Ibid. p. 14. 


that part of the v which is connected to 
the inner edge of the cornea, and that theſe 
ſtreight fibres, which are put upon the ſtretch 
and drawn out into a greater length when 
Nr ona by their ſpring, 
or by their muſcular force, reſtore themſelves 
to their former dimenſions, and thereby ſerve 
to dilate the pupil, when the abovementioned 
muſcular ring ceaſes to contract, and is in a 
ſtate of inaction. 
Ep RO be e Bat, when 
e ſtreight fibres are thus upon the 
ſtretch by 5 —_ 'of the muſcular 
ing, they muſt neceſſari w the edge of 
FE. 
and likewiſe the edge of the cornea itſelf, a 
little inwards at the fame time. And this 
of the uyea cannot be drawn inwards, with 
out contracting into a leſs circumference than 
it had before. Muſt not therefore this edge 
of the wen, which is next the cornea, be fur- 
niſhed with a b * circular fibres, where- 
by ic may contract itſelf into a leſs circum- 
ference, as well as that edge of the ves which 
is next the pupil? To me this part of the 
uvea A of ſuch a ſtrength, and to ad- 
here ſo ly to the cornea, by the reſiſtance 
it makes in tearing them aſunder, that I make 
no doubt of its being muſcular, there ſeem- 
ing in this place to be no occaſion for a 


ing 
membrane of that ſtrength, unleſs it were to 


exert a muſcular force, and ſuch a one as 
might overcome a conſiderable reſiſtance. 1 
ſhall therefore make no ſcruple of qualifying 
this limb of the #vea next the cornea, by the 
name ofthe greater muſcular ring of the wvee, 
to diſtinguiſh it from the other ring next the 
pupil, which I ſhall hereafter call the leſſer 
muſcular ring. 

It will perhaps be objected to me, that 
the exiſtence of this ſuppoſed greater muſcu- 
lar ring has not yet been proved by ocular 
demonſtration. I anſwer, neither has the 
exiſtence of the leſſer muſcular ring been 
yet proved in the ſame manner. 

But it may be ſaid, although the exiſtence 
of the leſſer muſcular ring has not been de- 
monſtrated by ocular inſpection, yet it is 
juſtly inferred from its effect, the contraction 
of the pupil, which is viſible, and is no other 
way to be accounted for, but by ſuppoſing the 
exiſtence of ſuch a muſcular ring. 

| I 
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T anfiver, the change of conformation, in 
adapting the eye to very near objects, is no 
leſs certain than the contraction of the pu- 

il: And this change of conformation 
— not yet been adequately accounted for, 
but may be fairly made out by ſuppoſing the 
exiſtence of the — r ring, as I 
6 e to ſhew by-and-by. 
1 The ine humour is contained 
in a very fine membranous capſula, with a 
water between them, after the manner of the 
heart in the pericardium. | 
This I take from the obſervations of the 
late Anatomiſts, particularly the famous 
Monſ. * PeTrT, from whom I muſt like- 
wiſe obſerve, that the + back part of this 
capſula, or that part which inveſts the hinder 
ſurface of the cryſtalline humour, adheres to 
the membrane encloſing the vitreous humour, 
yet ſo as to be ſeparated from it without cut- 
ting: but that all along the limb or edge of 
the cryſtalline theſe two membranes adhere 
fo firmly together, as not to be parted without 
the knife. 

I muſt alſo take notice that, from the 
meaſures taken by this diligent and accurate 


Anatomiſt, as well as from autopſy, _ 
pears that the figure of this compound body 


conſiſting of the cryſtalline humour, the water 
ſurrounding it, and the capſula containing 
them both, is ſuch as would ariſe from two 
ſegments of equal breadth, but of un 
ſpheres, clapt t on their plane ſides, 
and having the ſharp edge rounded off, fo as 
to leave an obtuſe limb or edge of ſome 
conſiderable thickneſs, by which means the 
attachment of the edge of the capſula to the 
membrane of the vitreous humour all along 
that edge is rendred much ftronger than it 
could otherwiſe be. 

And to render this attachment till 
ſtronger, I have obſerved the limb of the 
capſula to be indented all round with ſhal- 
low tranverſe ſulci, or furrows, ſeemingly 
perpendicular to the limb, into which fur- 
rows I ſuppoſe the membrane of the vitreous 
humour is all along inſerted. 

Thus much from obſervation, and till it 
ſhall be otherwiſe determined by experiment, 
I take leave for facility of calculation to ſup- 


them one and the ſame refractive power. 
131. The ligamentum ciliare is a muſcle 


compoſed of longitudinal fibres, and is much 


weaker than the ve. It ariſes cloſe behind 
the ve, from the abovementioned circular 
ridge at the juncture of the cornea and ſcle- 
rotica, and running over the outer edge of 
the vitreous humour is inſerted all round the 
anterior ſurface of the capſula, upon which, 
ſays Monſ. t PeTrIT, this ligament pro- 
longs its fibres and the veſſels which it fur- 
niſhes to the capſula. 

Now as that part of the capſula, into which 
theſe muſcular fibres and veſſels are inſerted, 
muſt thereby be rendred ſomething leſs dia- 
phanous than the reſt, it is probable that this 
inſertion does not extend far « h towards 
the middle of the capſula, to be in the way 


of the that the in its 
e paſs the pupil greateſt 


13a. If what is contained in the four 
ceding articles be allowed me, I think the 
— of conformation in the eye, to ſee 
objects diſtinctly at different diſtances, may 
be e in the following manner. 
Wben the eye is perfectly at reſt, no force, 
ſtrain, or effort of any kind being uſed b 
any of its parts, it is then ſuited to ſee wi 
Perfect Viſion at ſome one determinate mo- 
derate diſtance. | 

This diſtance, I ſuppoſe, is for moſt eyes 
about 15 or 16 inches, the uſual diſtance 
for reading a print of a middle fize. For it 
is likely, we uſually read at that diſtance, 
where viſion is perfect without any ſtrain- 
ing of the eye, and at which conſequently we 


read with moſt eaſe, and can continue it 


longeſt. 

133. When we view objects nearer than 
the diſtance of 15 or 16 inches, I ſuppoſe 
the greater muſcular ri 


Eye how 


altered for 
hg of the wvea con; near ob- 


tracts, and thereby reduces the cornea to a jects. 


greater convexity. And when we ceaſe to 
view theſe near objects, this muſcular ring 
ceaſes to act, and the cornea by its ſpring re- 
turns to its uſual convexity ſuired to 15 or 16 
inches. In which condition the elaſticity of the 
cornea on the one fide, and the tone of the 
muſcular ring on the other, may be conſidered 


as two antagoniſts in a perfect eguili- 


poſe, that the capſula, the water within it, briam. : 
and the cryſtalline humour irſelf have all of 134. When the eye is to be ſuited to greater 
* Memoires de! Acad. Royale 1730. + Ibid. p. 436. + Ibid. p. 438. 


S 2 diſtances 


How al- 
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remote 


objects. 


140 


diſtances than 15 or 16 inches, I ſuppoſe 


the ligamentum ciliare to contract its longi- 
tudinal fibres, and by that means to draw the 
of the anterior ſurface of the capſula, 
into which theſe fibres are inſerted, a little 
forwards and outwards. And at the time this 
is done, the water within the capſula muſt 
neceſſarily flow from under the middle to- 
wards the elevated part of the capſula, and 
the aqueous humour muſt flow from above 
the elevated part of the capſula to the middle. 
Conſequently, the middle 
ſurface of the capſula muſt a little ſink, while 
the other is elevated, or the whole anterior 
ſurface within the inſertion of the ligamentum 
ciliare muſt be reduced to a leſs convexity. 
And when the contraction of the ligamentum 
ciliare ceaſes, the anterior part of the cap ſula, 
which has been put a little upon the ſtrai 
by that contraction, will by its elaſticity re- 
cover itſelf and return to its former figure. 
In which condition the elaſticiry of the 72 
ſula and the tone of the ligament may alſo 
looked upon as two antagoniſts perfectly i 
equilibrio with one another. | 

This capſula as it is a very tender mem- 
— —— x a 
ner the c ine, canreadily 0 
— gs SR pr Crd 
2 * would not be ſufficient 
to flatten the ine itſelf, conſidering the 
firmneſs of its contexture. And — ap- 
pears the true uſe of the capſula and the 
. "pain: 

ere it may be that 
the Cn * * Se as well have 
been made ſtronger, and have been inſerted 
into the cryſtalline itſelf, in which caſe it had 
been ſufficient to have drawn outwards and 
flattened the cryſtalline without all this ap- 
paratus of a capſula and water within it. 

But this would not fo well have anſwered 
the end propoſed. For the ligamentum cili- 
are ariſes from the edge of the coraea at its 
union with the ſclerotis, cloſe to the ve] 
and conſequently when the longitudinal fibres 
of ſuch a ſtronger ligamentum ciliare had 
ſhortened themſelves, they muſt not only 
haye drawn the cryſtalline ourwards, but 
muſt have drawn the cornea inwards, that is, 
they muſt not only have leſſened the con- 
vexity of the cryſtalline, but muſt have in- 
creaſed the convexity of the cornea : And 
theſe two effects would have been cantrary 


rt of the anterior 
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to one another, the flattening of the cryſtal. 
line tending to ſuit the — remoter ob- 
jects, and the increaſing the convexity of the 
cornea tending to ſuit the eye to nearer ob- 
jects. Whereas the ligamentum ciliare, be- 
ing made ſo weak, cannot ſenſibly affect the 
cornea, and yet by means of this admirable 
contrivance of a capſula and water within 
it, is ſufficient for the intended effect. 

I need not take notice, that ſuch a ſtronger 
ligamentum ciliare might by its contraction 
have endangered the diſuniting the cryſtalline 
humour from the vitreous. 

I had once thought, that both ſurfaces of 
the capſula were rendred leſs convex by its 
edge being drawn a little outwards, and had 
formed my computations from that notion. 
But upon conſidering the cloſe attachment 
of the hinder ſurface of the capſule to the 
membrane of the vitreous humour, par- 
ticularly the firm adheſion of theſe two mem- 
branes at the edge of the capſula, as likewiſe 
the ſituation of the anterior and outer part of 
of the vitreous humour, ſuch as that it muft 
neceſſarily obſtruct the drawing the edge of 
the capſula outwards, and eſpecially upon cal- 
ling to mind the ſituation and inſertion of the 
ligamentwm ciliare, I found the ſuiting the eye 
to diſtant objects could not be performed but 
by the flattening of the anterior ſurface only. 

135. This may ſuffice to give a general 
notion of the manner, by which the eye al- 
ters its conformation according to the diffe- 
rent diſtances of objects; but in order to 
ſhew that the means we have propoſed, are 
adequate to the intended purpoſe, it will be 
neceſlary to enter into particulars. 

In Fig. 51, let BAB repreſent the cornea; 
BSB the ſcleratica joining to the cornea in 
Band B; Bu, Bu the wvea; u the aper- 
ture of the pupil; DCD. the anterior ſurface 
of the capſula of the cryſtalline humour; 
DED the hinder ſurface of the ſame capſula; 
Ba, Bd the ligamentum ciliare; AS the axis 
of the eye from the outer ſurface of the cor- 
nea to the retina; AC the axis of the cornea 
and aqueous humour; CE the axis of the 
capſula, the water. within it, and the cryſtal- 
line humour; ES the axis of the. vitreous 
humour ; M that point of the axis of the eye 
at which parallel rays will. be collected into 
a point, or the principal focus of the eye; 
L, Ithe other foci of Art. 370. of this Book 
AP the diſtance of an obje& from the Je, 

when 


— — — — — — 


| 


DISTINCT AND INDISTINCT VISION. 


when the pencils are collected into points 
on the retina at S. | 
- Now let us ſuppoſe, as before in Art. 108, 


the radius of BAB= 3,3294 ; that of 


DCD= 3,3081; that of DED==2,5056; 
AC=1,0358; CE=1,8525; the refraction 
at A as 4 to 3; that at Cas 13 to 12; and 
that at E as 12 to 13. 

Then will A M be 8, 9993; the rectangle 
LIxfM=49,2526 ; and it remains to 
find MS, by deducting 4 M from AS. 

- 136. Monſ. PETIT“ from the meaſure 
of a ſingle eye makes AS=10,0578: but 
this ſeems to differ greatly from the com- 
mon length of an eye, and if there is no 
error of the preſs, could belong only to'an 
eye very ſhortſighted. 

In fix eyes of adult perſons, which we 
have meaſured, the axis from outſide to out- 
fide was as follows, 9,3; 9,8; 9,6; 9,3; 
9,43 9,0; the medium of which is 9, 4. 

From this length the thickneſs of the 


ſelerotica is to be deducted; and upon cutting 


thro? this coat at the termination of the axis, 
we placed two pins near its divided edge, 
and looking at them rhro* a magnifying glaſs, 
the thickneſs of the coat ſeemed equal to 
one of the pins, whoſe diameter we belbre 
knew to be =0,25. Hence the axis of the 
eye, from the outer ſurface of the cornea to 
the retina, may be ſuppoſed uſually to be 
9,15, and MS=0,1507. | 

137. Hence, by Art. 370 of the Book of 


2 or P L=326,7, and AP 
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diſtance at which we ſee diſtinctly with per- 
fect eaſe, is but about double the leaſt diſtance 
we ſee diſtinctly at. For by Art. 8. of the 
Remarks, it requires nearly as great a change 
of conformation to leſſen the natural diſtance 

to one half, as to increaſe the natural diſtance 

to infinity. Whence it is reaſonable to con- 
clude, that the natural diſtance is ſuch, as that 
no greater change of conformation is required 
to reduce it to the leaſt diſtance, than to in- 
creaſe it to the greateſt diſtance at which we 
can ſee diſtinctly. But if the natural diſtance 
be 33 inches, it will follow from the ſame 
Art. of the Remarks, that it requires above 
four times as great a change of conformation 
to reduce it to the leaſt diſtance of 5 or 6 
inches, as to increaſe the natural diſtance to 

infinity. Whereas, if we ſuppoſe the natural 
diſtance to b& about 15 or 16 inches, there 

will be required not much more change of 
conformation to ſee diſtinctly at about 6 in- 
ches, than to inlarge that diſtance to the 
greateſt diſtance Perfect Viſion can extend to. 
139. This ſeems to make it neceſſary to 
increaſe ſome one at leaſt of the refractions 

we have before ſuppoſed. And indeed,” as 

the aqueous humour is not a bare water, but 
an animal liquour in ſome degree charged 
with falts and ſulphurs, it ſeems reaſonable 
to allow it a refraction ſomewhat greater 

than that of 4 to 3, or more accurately than 
that of 80+ to 60, which is a mean between 

the moſt” refrangible and leaſt refrangible 

rays on paſſing out of air into water. See. 
S* Is. NEwToN's Opticks. pag. 114. 


Let therefore the refraction of this hu- Natural 
mour and of the cornea be ſuppoſed that of diſtance of 
81 to 60, or of 27 to 20, inſtead of that objects 
before ſuppoſed of 80 to 60, and A M will from the 
now be 8,8202, MS 0,3298, and LIxfM*Y<: 
will be 46,7621. Whence PL=141,8; 


==332 tenths, or 33 inches nearly. 
This therefore is the diſtance, at which'an 
2 theſe dimenſions, and with the re- 
ions here ſuppoſed, muſt ſee an object 
with perfect diſtinctneſs, and without any 
ſtraining or effort of any of its parts, that is, 


with perfect eaſe; and may therefore juſtly 
be called the natural diſtance of ſuch an eye. 

138. But we apprehend this diſtance is too 
large for common eyes, and that for two 
reaſons. i 

1. It ſeems reaſonable to ſuppoſe, that the 
diſtance, at which we uſually read a fair 
large print, is the diſtance we find by expe- 
rience to be the moſt eaſy to us; and this 
is about 15 or 16 inches. 

2. It is to be preſumed, that the natural 
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AL=5,2, and AP, or the natural diſtance 
of the eye, will be 147 tenths, or 15 inches 
nearly, much the fame as we find by expe- 
rience the moſt eaſy diſtance to read at. 

But here it may be proper to obſerve, that 
though this diſtance of 15 inches is the moſt 
eaſy to read at, when the print is large, or 
at leaſt of a middling ſize, yet it is not the 
eaſieſt diſtance to read at, when the print is 
ſwall. | 


For let a young perſon, but of full growth, 


read 
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read a middling print, and you will find him 
hold the book at about 15 inches more or 
leſs from his eye. Then give him a book 
of a ſmaller print, and you will find he holds 
it nearer, perhaps about 12 or 13 inches. 
The reaſon of this is plain. When the 
int is ſmall, the book is held nearer to in- 
— the image upon the retina, that being 
reciprocally as PL, by Art. 376. of this book; 
ſo that by bringing the book nearer, the 
image is as large as that of the larger print 
was before. And to remedy the confuſion 
of the image, if it be conſiderable, either the 
cornea is rendred a little more convex by 
a gentle and ſmall contraction of its muſ- 
cular ring, or the pupil isa little contracted. 
140. Having now ſettled the natural diſtance 
ot objects from the eye, or the diſtance at 
which objects are moſt diſtinctly ſeen, when 
the eye is perfectly at reſt and at eaſe, without 
any the leaſt ſtrain or effort of any of its 
parts, we come next to examine whether the 
means we have propoſed for changing the 
conformation of the eye for viewing near 
objects, be ſufficient to accomodate that or- 
gan to Perfect Viſion at the leaſt diſtance, 
namely that of five or fix inches. In order to 
which, beſides the refractions and meaſures 
we have already laid down, it will be neceſ- 
ſary to give one or two meaſures of other 


4 The chord of the cornea, or BB, 
Fig. 51, is uſually, according to Monſ. PETIT, 
5 lines Paris meaſure, that is in our meaſure, 
44392. Hence the verſed {ine belonging 
to this chord, or that part of AC which is 
intercepted between A and BB, is 0,8481. 
Let now the greater muſcular ring of the 
&vea contract itſelf, ſo as to leſſen its cir- 
cumference about , part, or in the propor- 
tion of 4,4392 to 4,5462: Then muſt the 
chord of the cornea, which is the diameter 
to that circumference, be leſſened in the 
fame proportion, or from 4,4392 to 4,3462, 
dy the edge of the cornea being drawn 
mucn inwards. And as BAB the arc of 
the cormea continues of the ſame length as 
before, bur is rendred only more convex, the 
radius to this arc and this chord will be 3, 
inſtead of 3, 3294, being leſſened about one 
tenth part; and the verſed ſine of the cor- 
nea will be increaſed by 0,0835, that is, the 
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line AC will be increaſed from 1,0358 to 
1,1193, as will eaſily be found by tation. 

142. Computing therefore by the new ra- 
dius of the cornea=3, and this new line 


AC , 1193, and uſing the other meaſures 


and refractions as beforeinArt. i 39,we ſhall find 
AM=8,3594; MS=0,8741; AL==4,8970; 
LIxfM= 41,8714 Whence PL=47,9; 
and AP=52,8, or a little more than 5 
inches. 

Therefure the means we have 
for reducing the natural diſtance of the eye, 
to the ſmalleſt diſtance we ſee diſtinctly at, 
are ſufficient for that purpoſe, few grown 
perſons having Perfect Viſion nearer than be- 
tween five and fix inches. Tho' by a very 
little farther contraction of the muſcular ring 
the diſtance may ſtill be ſomewhat leſſe 
where the cornea is ſufficiently flexible. 

Nor can any juſt objection be drawn a- 
gainſt the change of conformation we have 
here ſuppoſed in the eye, as being greater 
than can reaſonably be admitted. For the 
radius of the cornea alters only a tenth part, 
and this ariſes from the contracting the greater 
muſcular ring of the uwvea only 4¹ part, which 
is vaſtly leſs than the contraction of the leſſer 
muſcular ring, that being able to contract 
into half its dimenſion, when the eye is ex- 
poſed to a ſtrong light. 

Bur poſſibly ſome doubt may ariſe about 
that circumference of the cornea into which 
the #vea is inſerted, whether by reaſon of its 
union with the ſclerotica, it can comply with 
the contraction of its muſcular ring, fo as 
to be drawn inwards towards the pupil, and 
likewiſe to contract itſelf into a leſs circum- 
ference. 

To this therefore we reply, that the ſpace, 
by which it approaches the pupil is by our 
ſuppoſitian very ſmall, being leſs than 
part of an inch: and that this ſmall motion 
is favoured by, the obliquity of its junction 
with the ſclerotica obſerved by * Monſ. PeTIT: 
And that the ſpace, by which that circum- 
ference ſhortens its length, is leſs than 2 
of an inch, which in a compreſſible and dila- 
table membrane is not hard to conceive. 

But the quantity both of this approach to 
the pupil, and of this contraction in circum- 
ference, will be very conſiderably leſſened, if 
the arch BAB be ſuppoſed a little to ſtretch 


and 
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and dilate, when the points B, B are drawn 
inward. And this we take to be the truth of 
the caſe, though, not to tire our reader with 
too many minutie, we have above omitted 
this conſideration. 

And laſtly, as we have above taken notice, 
Art. 134, that the elaſticity of the capſula 
and the tone of the ligamentum ciliare anta- 
gonize each other, it follows that, when the 

of the cornea is drawn inwards by the 
contraction of the wvea, and conſequently the 
ligamentum ciliare is relaxed, the capſula 
will then grow more convex. On which ac- 
count a ſomewhat leſs convexity of the cor- 
nea, and a leſs contraction of the #vea will be 
neceſlary, than is above ſuppoſed. 

143. We proceed now to examine into 
the ſufficiency of the means we have pro- 
poſed, to accommodate the eye to greater 
diſtances. 

The chord of the cryſtalline humour, or 
DD, is according to Monſ. PeTrT, + at a 
medium from 26 different eyes, in our mea- 
ſure, 3,7321. And the radius of the anterior 
ſurface being 3, 308 1, the verſed fine to that 
chord is o, 5 765. And the radius of the hinder 
ſurface being 2, 5056, the verſed fine to that 
ſame chord is o, 8 355. 

Now theſe two verſed fines, o, 5765 and 
0,8355 added together, make only 1,4120, 
falling ſhort of 1,8525 the axis of the cryſtal- 
line by 0,4405, which plainly proves what 
we had before aflerted, Art. 130, that the 
cryſtalline is compoſed of two ſegments of 
ſpheres joined together on the flat fides, with 
the edge rounded off. 

For a ſolid of rhe fame dimenſions with 
the cryſtalline, I mean the compound cryſtal- 
line conſiſting of the true cryſtalline, water 
and capſula, may be compoſed, either by 
[cn the common chord of the two 

ents, till their verſed fines added toge- 
ther make up the axis 1,8525, and then 
rounding off the edge till the common chord 
is again reduced to 3,7321: 

Or by ſuppoſing two ſegments of the di- 
menſions aſſigned above to be clapped one 
on the upper ſurface, the other on the under 
ſurface of a cylinder having the ſame breadth 
with themſelves, and the altitude o, 4405, 
which added to the verſed fines ot the two 
ſegments makes up the axis 1,85 25. 


+ Mcm. 1730. 


We have aboye taken notice, Art. 131, 
that the anterior ſurface of the capſula muſt 
probably have irs middle part free from the 
inſertion of the ligamentum ciliare, to ſuch a 
breadth as to receive all the rays that paſs 
the pupil when moſt dilated. Now it is ob- 
vious, that none of the rays that paſs the pu- 
pil, can fall upon this middle part, alchough 
its breadth were conſiderably leſs than the 
diameter of the pupil, which hardly ever ex- 
ceeds 2,22, or half the breadth of the veg. 
However, we ſhall here ſuppoſe the breadth 
of the anterior ſurface of the capſula, or dd, 
Fig. 51, to be 2,5, ſo that the right fine of 
half the arc 4d will be 1,25 ; the half arc 
will be 229. 12“; and its verſed fine will. 
be 0,2452. 

Let now the ligamentum ciliare contract 
irſelf ſo, as that the point 4 may be drawn 
forwards and outwards, and let its motion 
forwards, parallel to the axis of the eye, be 
about i part of an inch, or 0,0255 ; and 
in conſequence of this motion let the vertex of 
thecapſula, by Art. 134, be moved as much back- 
wards. Then will the radius of this arch 44 
be increaſed from 3,3081 to 4, 2000, and the 
verſed ſine will be leſſened from o, 2452 to 
o, 1941, the difference being 0,05 11. 

But hereby the axis of the aqueous humour, 
or AC, Fig. 5 1, will be increaſed by 00255, 
that is, from 1, o35 8 it will become 1, o6 13, 
and the axis of the whole cryſtalline, or CE, 
will be as much leſſened, that is from 1,8525 
it will become 1, 8270. 

Then if we compute from this new radius 
52000, and theſe new axes AC and CE, 
the other meaſures and refractions being the 
ſame as in Art. 139, we ſhall find 
A M==9,1209; whence MS—=0,0291 ; and 
LIxfMwill be 50,4316; and AL==5,4321. 
Whence PL=1733,0000, and A P=1738; 
or 14 feet, 5,8 inches. 

Whence it appears, that the means we 
have here ſuppoſed, are fully ſufficient to- 


enable the eye to extend its natural diftance 


of 15 inches to that of 14 feet 5 inches, and 
that without any the leaſt motion of the 
cryſtalline humour itſelf, and with a very 
ſmall one of the anterior ſurface of the cap-- 
ſula, the point d and the vertex being moved 
only 3 part of an inch, and the interme- 
diate parts moving leſs. 


When 
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When the ligamentum ciliare ceaſes to con- 
tract, the capſula, whoſe parts, eſpecially be- 
tween d and d, have been put a little upon 
the ſtretch, will by its elaſticity reſtore it- 
ſelf to its former dimenſions. _ 

144. Having ſhown how the natural. di- 
ſtance of an object from the eye to be ſeen 
with Perfect Viſion, may by rendring the cor- 
nea more convex be reduced to five or fix 
inches, and on the other hand may by ren- 
dring the anterior ſurface of the capſula leſs 
convex be extended to 14 feet 5 inches, we 
are to obſerve, that though the eye is poſſeſſed 
of this power to extend Perfect Viſion from 
one of theſe limits to the other, yet it does 
not always exert that power to the utmoſt ; 
but contents itſelf with attaining to Diſtinct 
Vifon, which as we have taken notice in 
Art. 7 and 103, cannot by the ſenſe be diſtin- 
guiſhed from Perfect Viſion. And this muſt 


happen chiefly near the limits of Perfect vi- 


fon, where the ſtraining either of the greater 
muſcular ring of the uvea, or the ligamentum 
ciliare, to the utmoſt they are capable of, 
muſt be ſome what laborious and uneaſy. 


IV. 
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ſoon as we attempt to. read this bill, the an- 
terior ſurface of the capſula will be rendred 
fatter, ſo as to accomodate the eye to ſome 
diſtance not exceeding its utmoſt limit of 
14 feet 5 inches; and though by this means 
viſion at the diſtance of 16 feet cannot be 
rendred perfectly diſtinct, yet will it be ren- 
dred leſs indiſtinct than before, and per 
diſtinct enough to read the Bill with caſe. 
Here it may be proper to remark, that as, 
by Art. 133, the elaſticity of the cornea is 
anantagonilt to the contraction of the greater 
muſcular ring of the we, and by Art. 134, 
the elaſticity of the capſula antagoniſes the 
contraction of the ligamentum ciliare, it fol- 
lows that a greater contraction of either of 
the;e muſcles muſt pe more laborious than a 
leſs contraction. erefore in many caſes 
neither of them will be contracted to ſo great 
a degree as would be neceſſary to procure 


either Perfect᷑ Viſion, or viſion as little indiſtinct 


as poſſible, bur to ſome leſſer degree only, 
ſuch as may procure Viſion ſufficiently Diſtinct᷑. 

For inſtance, if a young adult perſon in 
reading holds his book at 10 inches diſtance, 
it will not be neceſlary to contract the 


greater muſcular ring of the w ſo much, 
as to procure Perfect Viſion at the diſtance of 
10 inches; for a middling print it may be 
enough to contract the wveas ſo much only, 
as would procure Perfect Viſion in caſe the 
book were at the diſtance of 13 or 14 in- 


Indiſtinct 145. We proceed now to the fourth point 

viion we propoſed to inquire into, namely, By 

how ren- what means Viſion, when it. cannot be Per- 

cred di- feet, is rendred Diſtin??, or ar leaſt not ſo 
Xt indiſtinct as it would otherwiſe be. 


This we apprehend to be performed by 
two ſeveral ways. 
1. The firſt is for the eye to apply the 
{fame power, as it uſes to obtain Perfect Viſion. 
For inſtance, let us ſuppoſe the eye to be 
in a ſtate of ination, and conſequently ſuited 
to have Perfect Vifion at the natural diſtance 
of 15 inches and let any object, as a book 
of a ſmall print, be placed within 4 inches 
from the eye, and the eye be attentive to 
read it. Then immediately the cornea will 
be rendred ſo convex, as to ſuit the eye for 
ſeeing with Perfect Viſion, at ſome diſtance 
not leſs than five or ſix inches, and by this 
means the viſion at four inches, though 
it cannot be rendred perfectly diſtinct, yet 
will be leſs indiſtinct than it would otherwiſe 
be, and perhaps diſtinct enough to read the 
book with eaſe. 
Again, let another object, as a playhouſe 
vill paſted againſt 2 wall, be preſented to the 
eye at the diſtance of ſixteen feet. Then as 


ches; or at the diſtance of 11 or 12 inches, 
if the print be ſmall; and in this conforma- 
tion of the eye he may ſee with ſufficient 
diſtinctneſs at 10 inches for the book to be 
eaſily read. And this leſſer contraction, being 
leſs laborious, will be uſed inſtead of the 
greater contraction, which is more fatigui 
eſpecially if he reads a great while. 

And if he were to read at ſix inches diſtance, 
it will not be nece to have Perfect Vi 
at that diſtance; * — 15 of — 
uvea may ſuffice, ſuch as accommodates his 
eye to have Perfect Viſion at eight or nine 
inches diſtance, or poſlibly at ſeven inches 
diſtance, if the print be very ſmall. 

For if the print be given, the leſſer diſtance 
he reads at, the more the ve will contract: 
And if the diſtance be- given, then the leſs 
the print, the more the «ves wlll contract. 
But it will never contract ſo much as to 
procure Perfect Viſion, at the diſtance of the 

k, but will ſtop at * 
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2 and yet enough to render Viſion 
ſuffieicntly diſtinct; or the eye will not al- 
ways receive one and the ſame conformation 
at the ſame diſtance; but ro conformation 
will vary as the object is varied, though the 
— the ſame. by 

Likewiſe, in looking at an object at the 
diſtance of 14. feet, it will ſeldom be neceſ- 
fary for the ligamentum ciliare to contract ſo 
much as to procure Perfect Viſion at that di- 
ſtance. If the object be ſingle and uncom- 
pounded and ſufficiently large, or ſufficiently 
luminous, it may be ſufficient to contract the 
ligament ſo much only as, would ſuffice to 
procure Perfect Viſion, at three or four foot 
diſtance. And if the object be compounded, 
but of few parts and thoſe large and eaſily diſtin- 
guiſhable, it may not be neceſſary to contract 
the ligament more than would be ſufficient 
for Perfect Viſion at the diſtance of fix or 
eight feet. 

And in viewing objects much more remote 
than the diſtance Perfect Viſion can be exten- 
ded to, it will not always be neceſſary to con- 
tract the ligamentum ciliare to the utmoſt, or 
to ſuch a degree as to procure Perfect Viſion at 
14 feet five inches: but according to the 


145 
rower, the radius of diſſipation and the pen- 
umbra ariſing from the diſſipation will be 
ſmaller, that is, viſion will be rendred either 
diſtinct, or atleaſt leſs indiſtinct than it would 
otherwiſe be. | 

146. Here it may be proper to take no- 
tice, that in a weak light the firſt of theſe 
means, namely the altering the convexity of 
the cornea, or of the — muſt be uſed. 
For in ſuch a caſe the pupil is ſo far from 
contracting, that there is rather a neceſſity 
of — it to take in more light. 

147. But in a ſtrong light the contraction 
of the pupil is chiefly made uſe of. For 
then that contraction anſwers two purpoſes ; 
one to- exclude an over great quantity of 
light, which would be offenſive to the eye; 
the other, to leſſen the indiſtinctneſs. And 
when the light is very intenſe, the pupil may 
contract ſo much as of itſelf to cauſe Diſtinct 
Viſion, and to render the other means alto- 
gether unneceſſary. So that theſe two ſeve- 
ral means of procuring diſtinct, or leſs in- 
diſtinct viſion, may ſometimes be uſed jointly, 
that is, each in a moderate degree, and ſome- 
times ſingly. ' 


148. The degree, to which the pupil con- Contracti- 
tracts, does not abſolutely depend either up- on of the 
on our will, or upon the ſenſation of con- pupil not 
fuſion in the object; but partly upon the de- always de- 


largeneſs of the object, or of the parts it con- 
ſiſts of and to which the eye is attentive, 
ſometimes one, ſometimes another, leſſer 
and leſs laborious contraction of the liga- _ 
ment will ſuffice to ſhew the object with 
ſufficient diſtinctneſs, eſpecially when the 
pupil is contracted at the fame time, as will 
often happen. 
W Confor- So that in looking at very diſtant objects, 
vation of the eye will not always have one and the fame 


to the window, hold the book ſo near, as confu- 
that the letters may appear indiſtinct, and yet ſion. 


* | not 


3 


the eye 


al- 


: ways the 
ſame for 
me ſame 
iſtance. 


conformation, namely the flatteſt poſſible 
conformation of the capſula; but that confor- 
mation will be different for different objects at 
the ſame diſtance, as well as for the ſame object 
at different diſtances. And from this conſi- 
deration we are led to ſuſpect, that the In- 
genious D* * PoRTERFIELD was miſtak 
when he fixed the utmoſt limit of his eye for 
Perfect Viſion at 27 inches. 

2. The other way is the contraction of 
the pupil by the leſſer muſcular ring of the 
e. For * p- 382 of the Book of Op- 
ticks, the radius of diſſipation is, ceteris pari- 
bus, always proportional to the radius of the 


not ſo much, but that you can read, though 
with ſome difficulty : Then turn your face 
to the light, and the book will be read with 
more eaſe. Again, holding the book at the 
fame diſtance from your eye, go into the 
darkeſt part of the room, and ing with 
your back to the light, you will find the book 


en, - not at all legible : But upon coming to the 


window, with your face to the light, you will 
be able to read, eſpecially if the ſun ſhines, 
with great eaſe and diſtinctneſs. 

Alſo, a perſon, who has been obliged for. 
ſome years to uſe ſpectacles in reading, will 
in the ſunſhine be able to read very eaſily 
without them. 


pupil. Coniequently, when the pupil is nar- 
Medical Eſſays of Edinburg. 


Whence it appears, that in a ſtrong light 
Vol. IV. p. 169. : 
T 


the 


Changes 
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the pupil contracts to a greater degree, than 
it can be made to do by the act of our will, 
or by the ſenſation of confuſion only ; con- 
ſequently it is a miſtake to think, that, _ 
ſeeing an object confuſedly, the pupil 
* itſelf to the leaſt fize it is 
Ca . 


4 . 


149. The fiſth point we propoſed to ex- 


in the eye amine into, was, What change is made in 
bycuſtom, the eye either by habit and cuſtom, or by 


or by age 


* our growing into years. 


In the eyes, as well as in all other parts 
of the body, the muſcles by conſtant exerciſe 
are enabled to contract themſelves with more 
ſtrength, and with more eaſe, and to a greater 
degree : And by diſuſing exerciſe they are re- 
duced to leſs ſtrength, and perform their 
office with more difficulty, and in a leſs de- 


gree. 

150. Alſo, the elaſtick parts of the eye, 
like thoſe of the reſt of the body, if they are 
often and long kept in tenſion, do more eaſil 
obey that tenſion, and do by degrees loſe 
ſomething of their elaſticity, ſo as not to be 
able to reſtore themſelves, or at leaſt not to 
do itwith the fame readineſs or to the fame 
degree, when the tenſion ceaſes or abates : 


And if they are too ſeldom put in tenſion, 
= grow ſtiffer and are not ſo eaſily diſten- 
to the ſame degree. | 


151. From theſe cauſes ſeem to ariſe thoſe 


changes of the eye, that habit and cuſtom in- 


troduce. 

Perſons, who are much and long ac- 
cuſtomed to view remote objects, and but 
ſeldom to conſider near ones, ſee better at 
great diſtances, and .not ſo well at near di- 
ſtances as other people. 

This is often the caſe of Travellers, Sailors, 
Sportſmen, &&c. In them the l[igamentum 
ciliare being much uſed, comes by degrees, 
by art. 149, to acquire more ſtrength, ſo as 
to draw out the capſule of the cryſtalline far- 
ther, and thereby to reduce it to a leſs con- 
vexity than in other perſons. Whence they 
are enabled to ſee diſtinctly at greater 
diſtances than other perſons. 

But the capſula being thus often put upon 
the ſtretch, and long detained ſo, will there- 
by in time loſe ſomewhat of its elaſticity, 
Jo as not to return to its natural conyexity, 


when the contraction of the 
are ceaſes, by art. 150. And this is one rea- 
ſon, why theſe perſons do not ſee fo well as 
the reſt of Mankind, at ſmall diſtances. 

Allo, the greater muſcular ring ofthe wvea, 
by diſuſe, will grow weaker, by art. 149: 
And the cornea by being ſeldom bent into a 
greater convexity, will in time grow ſtiffer 
and leſs capable of obeying the contraction 
of the muſcular ring, by art. 150, which is 
another cauſe why theſe perſons do not ſee 
ſo well at ſmall diſtances. 

152. On the other hand, Perſons, who 
are much and long accuſtomed to view ob- 
jects at ſmall diſtances, as Students in general, 
Watchmakers, Gravers, Painters in miniature, 
&&c. ſee better at ſmall diſtances, and not fo 
— at great diſtances, as the reſt of Man- 


amentum ch. 


For in chem the greater muſcular ring of the 
vvea contracts more eaſily and ſtrongly, by 


art. 149: And the cornea, by art. 150, more 


readily obeys the contraction of that ring. 
Wheace they ſee better at ſmall — Pings 

But the cornea, by being thus often and long 
bent into a greater convexity, does by de- 
grees loſe ſomething of its elaſticity, ſo as 
not to return to its natural convexity, when 
the muſcular ring ceaſes to act upon it, by 
art. 150. This is one cauſe of their not ſee- 
ing ſo well at great diſtances. 

Alſo, the ligamentum ciliare, being ſeldom 
employed to leſſen the convexity of the cap- 
ſula, does by degrees become leſs capable of 
performing that office, by art. 149: And 
the capſula, being ſeldom drawn out and pur 
into tenſion, muſt, by art. 150, loſe ſome- 
thing of its diſtenſile quality, ſo as leſs eaſily 
to comply with the action of the ligament. 
And this is another cauſe of their not ſeeing 
ſo well at great diſtances. | 

153. Perſons, who begin to uſe ſpectacles 
early, and keep conſtantly to the uſe of them, 
do in a little time find themſelves under a 
neceſſity of continuing to uſe them. For, by 
uſing ſpectacles, they have not occaſion to 
contract the greater muſcular ring, ro bend 
the cornea, ſo much as before, and when they 
have forborn this contraction for ſome time, 
they are not ſo well able to perform it, as 
before they uſed ſpectacles. 

154. In children the pupil is uſually more 
dilated than in grown perſons. This is eaſily 


ſeen; for in grown perſons —— 
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the pupil ſeldom appears equal to the breadth 
of the ring of the v on either fide of it, 
that is, is ſeldom equal to one third of the 
breadth of the cornea, and is often much leſs, 
eſpecially in a good light. But in children 
the diameter of the pupil ſcarce ever appears 
ſo little as one third of the breadth of the 
cornea, and often exceeds half that breadch. 

The reaſon of this we apprehend to be, 
that in children the cornea is extremely flexi- 
ble, ſo as to be very eaſily bent by its muſ- 
cular ring, into any curvature that is neceſ- 
ſary for ſeeing diſtinctly in reading, and con- 
ſequently their pupil has leſs occaſion to con- 
tract for Diſtinct Viſor. 

But in grown perſons the cornea is ſome- 
what ſtiffer and does not ſo eaſily bend, 
whence they have occaſion more frequently 
to contract the pupil. 

And in elderly perſons the cornea grows 
ſtill more rigid, ſo that they can hardly read 
without ſpectacles, unleſs print be very 
large or the light be very ftrong, ſo as to 
cauſe a great contraction of the pupil. It is 
for this reaſon they are obliged to hold the 
candle between the eye and the paper they 
read ; and their doing ſo is a certain 
that they begin to want ſpectacles. 

155. Children read much nearer than 
grown perſons. This happens for two reaſons. 

I. Their eyes are ſmaller, and the leaſt di- 
ſtance any eye can ſee diſtinctly at, is pro- 


portional to the length of. the eye. 


2. Their cornea, being very flexible, is 
eaſily accomodated to a leſs diſtance. And 
at a leſs diſtance the print appears larger, and 
is eaſier to read, than at a greater. 

156. Elderly perſons ſee better at a great 
diſtance than younger people. The matter 
of fact I think is pretty generally agreed upon, 
and if queſtioned, may thus be examined. 
Let a perſon, whoſe fight for near objects is 
— by age, obſerve the Moon at three 
or four days old, and take notice whether the 
illuminated part appears of a larger diameter 
than the dark part, and how much is the ex- 
ceſs. And let him recollect, if he can, what 
was the appearance of thoſe two parts of the 
Moon, when he was much younger. Then, 
I am perſuaded, he will think the exceſs of 
the light part above the dark is either none 
at all, or much leſs than formerly. At leaft 
this is my caſe. I well remember, that for- 
merly the diameter of the light part of tho 
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Moon much exceeded that of the dark part: 
Whereas now the limbs of thoſe two 
appear nearly to unite in the ſame circle. 

The cauſe why perſons advanced in years 
ſee better at a diſtance, has been reckoned to 
be the ſhrinking of the coats and hu- 
mours of the eye. But this I think cannot 
be ſatisfactory. If the eye were to ſhrink in 
all parts proportionably, this would have a 
contrary effect, the eye would then becom. 
ſhortſighted, as has been obſerved of children, 
whoſe eyes are ſmaller than thoſe of men. 

But the true reaſon I take to be this. The cor- 


nea, as it is of a rarer texture, and is more e 


ſed to the air than the ſclerotica, will in length of 
time ſhrink a little more than the ſclerotica, and 
will by that means grow a little flatter than it 
was before. For in Fig. 5 1, if the line Ba B 
continue of the fame length, and the 
arc BAB be a little leſſened, the vertex 
of this arc at A muſt be a little de- 
reſſed towards C, that is, the arc B. A B muſt 
come flatter or leſs convex. And if the 
length of this arc of the cornea be leſſened 
by ſhrinking, about the 75++ part of an inch, 
this will be ſufficient to encreaſe the radius 
of the cornea from 3, 3294 to 3,3500, and 
thereby to increaſe A M, in art. 143, from 
9,1209 to 9,1497. And as by this ſhrinking 
of the cornea, its verſed fine will be leſſened 
by 0,0070, and conſequently the axis of the 
eye will now be leſſened from 9,1500 to 
9,1430, AM may ſomewhat exceed this 
axis, if the capſula of the cryſtalline be flat- 
tened as much as we have ſuppoſed in arr. 
143, and if it be ſomething leſs flattened, 
AM may be exactly equal to the axis, that 
is, parallel rays may be collected into a 
point upon the retina, or the fartheſt limir 
of Perfect Viſion may be extended to an in- 
finite diſtance. 
157. Elder perſons do not ſee fo well at 
diſtances as thoſe of leſs age. This 
happens partly from the ſhrinking, and part- 
ly from the rigidity of the cornea, which in- 
creaſes with our age, and may carry out tha 
neareſt limit of Perfect Viſion from 3 or 4 
inches, as in children, and from about 5 or 
6 inches in young adult perſons, to 20, 30, 
40 inches, or a greater diſtance. And in 
this caſe the eye has no aſſiſtance in view- 
ing near objects, but only from the contraction 
of the pupil, and this is not ſufficient for 
r Viſion, unleſs in a ſtrong light. 
2 . 
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If the arc of the cornea ſhrink r part of 


an inch, this will remove the natural diſtance 


from 15 to 77 inches. And the cornea being 
now grown more rigid, the ve will be leſs 
able to contract it into a greater convexity. 
While the cornea was more flexible, the ve 
was able to render it ſo convex as to reduce 
the natural diſtance from 15 inches to 5, that 
is to a third part : but now probably the new 
natural diſtance of 77x inches can hardly be 
reduced to leſs than one half, that is to 38 
or 39 inches. 
Now as this is probably the caſe of many 
E above 50 years of age, and particu- 
ly my own, not to have Perfect Viſion at 
a diſtance leſs than 38 or 39 inches, it might 
be expected that ſuch perſons might have 
Perfect Viſion at an infinite diſtance, inaſmuch 
as we have juſt now ſhown, that upon the 
ſhrinking of the cornea only the 4.4, part of 
an inch, Perfect Viſion might be extended to 
an infinite diſtance, provided the capſula of 
the cryſtalline humour could be flattened to 
the ſame degree as was ſuppoſed in art. 143. 
But perſons, whoſe cornea is thus flattened, 
are thereby enabled to ſee diſtinctly at much 
greater diſtances than before, without flat- 
tening the capſula; and therefore have leſs 
occaſion to contract the hgamentum ciliare; 


and that muſcle by diſuſe becomes leſs able 


to contract itſelf to the fame degree as be- 
fore, and conſequently this inability will hin- 
der the extent of Perfect᷑ Viſion to the utmoſt 
diſtance it would otherwiſe reach to. 

158. As the juices of grown animals are 
ſtronger and more loaded with ariimal falts 
and oils, than thoſe of younger ones, it is 
probable, that the refraction of the coats and 
humours ofthe eye becomes ſomething greater 
25 we advance in age, than when we are chil- 
dren. For all ſulphureous ſubſtances refract 
more bens ceteris paribus, than others. 
And Monſ. PETIT * obſerves, that the 
cryſtalline humour, which is at firſt perfectly 
limpid, has in adult perſons a yellowiſh tinge, 


 whichgrows ſtronger as they advance in years. 


The gradual increaſe of this yellowiſh tinge, 
and the increaſing refraction conſequent there- 
upon, may, I ſuppoſe, in ſome meaſure coun- 
tervail the increaſing ſtiffneſs and flatneſs of 
the cornea. Otherwiſe we ſhould grow long- 
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159. The ſixth and laſt head of our enqui- The leaſt 


ry is, What is the leaſt object, or angle, that vi 
the eye is capable of perceiving ? gl 

The learned Dr. + Hook aſſerts, that when 
an object ſubtends a leſs angle than a minute, 
it is to the generality of eyes wholly inviſi- 
ble. And by the experiment related in art. 
97 of this book, and one that I have made 
myſelf, within the limits of Perfect Viſion, I 
am inclined to think, that when the object 
is round, as a black circular ſpot upon a white 
ground, or a white ſpot upon a black ground, 
an eye muſt be exceeding good to perceive 
it under an angle much leſs than a minute. 

160. But there are other caſes, in which a 
much leſs angle can be diſcerned by the eye, 
ſome of which we ſhall here conſider, after 
premiſing one obſervation, which ſeems 
neceſſary for explaining the reaſons of them. 

In order to our perceiving the impreſſion 
made by an object upon any of our ſenſes, 
the impreſſion muſt be either of a certain 
degree of force, or of a certain degree of 
magnitude. 

For inſtance, a very ſmall drop of dew, 
or rain, may fall upon the hand without our 
feeling it wet; and a very ſmall particle of 
ſugar may be laid upon the tongue without 
our taſting it ſweet ; but a ſpark of fire of the 
ſame magnitude with the drop of rain, by 
falling upon the hand will ſenſibly affect it, 
becauſe the impreſſion of the ſpark of fire is 
of a greater force than that of the drop of 
water, or particle of ſugar. 

And for the ſame reaſon, a ſtar, which ap- 
pears only as a lucid point thro? a teleſcope, 
not ſubtending ſo much as an angle of one 
ſecond, is viſible to the eye, though a white 
or black ſpot of 25 or 30 ſeconds is not to 
be perceived. 

161. Alſo, though one very ſmall drop of 
water will not ſenſibly affect the hand, yet 
a number of ſuch drops falling together, or 
one larger drop falling alone, will affect the 
hand with a ſenſe of wet, becauſe the quan- 
tity of the impreſſion is greater. 


* Mcmoires de PAcad. Roy. des Sciences. 1726, 1730. + Animadyers upon Hevelins's Machina 


Coeletis pag. 7, 8, and Poſthumous Works, pag. 97. 
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\linevifi- And for the fame reaſon, a line, of the 
ble farther ſame breadth with a circular ſpot, will be 
off than 2 viſible at ſuch a diſtance, as the ſpot is not 


ſpot of 
ſame 


breadth. 


ther be 


perceived at, becauſe the quantity of 
impreſſion from the line is greater than the 
quantity of impreſſion from the ſpot. And 
a longer line is viſible at a greater diſtance, 
than a ſhorter line of the ſame breadth. 

162. It has been by ſome perſons ſuppoſed, 
that the impreſſions of viſible objects are re- 
ceived upon certain villi of the optick nerve, 
imagined to ſtand erect upon the retina, like 
the pile on velvet. And from the experiment 
that a ſpot leſs than one minute in diameter 
cannot be perceived by the eye, it would 
follow that the thickneſs of one of theſe villi 
is about {#5++ or $535 part of an inch. 

163. But admitting the ſuppoſition, the 
diameter of one of theſe will; will be found 
to be much ſmaller. : 

For, I find, that a bit of ſilver wire, of 
the thickneſs of 4, of an inch, laid upon a 
white paper, is viſible at the diſtance of 10 
feet. Hence the angle ſubtended by the 
diameter of the wire is about 3” +. Conſe- 
quently, the thickneſs of a villus muſt be 
17 times ſmaller, than in art. 162. 

164. I took a fingle filament of ſilk, and 
hid it cloſe to this bit of wire, then viewing 
them with a deep magnifying glaſs, I judged 
the diameter of the wire to be equal to 4 dia- 
meters of the ſilk. The diameter of the ſilk 
muſt therefore be about. v part of an inch. 

This filk and wire, being laid upon a white 
paper, were both viſible at the diſtance of 40 
inches from the eye, and the filk appeared 
plainly leſs than the wire. 

Here the filk ſubtended an angle of 2” 4 
only. Conſequently, the thickneſs of a vil- 
tus is 24 times ſmaller than that determined 
in art, 162. 

165. It will be objected perhaps, after 
Des CAaRTEs's way of reaſoning, that there 
is no neceſſity of ſuppoſing the diameter of 
the vill; to be ſo ſmall as the diameter of the 
filk. For if the diameter of a villus were 24 
times as great as that image, ſo that the image 
took up only 3}; part of each villus, 
yet the whole of every villus the image fell 
upon, would be affected by the impreſſion 
_ _ 1 Conſequently, the 

m equall ivable, as if its image 
had taken up the — each willus. 

We anſwer, If this be the caſe, then the 
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filk ought to appear equal in breadth with 
the ſilver wire, whoſe image takes up only a 
ſurth part of each willus. But, in fact, the 
wire appears broader than the filk. 

166. This greater viſibility of a line, than 
of a ſpot of the fame breadrh, within the li- 
mits of Perfect Vijion, ſeems to ariſe only 
from the cauſe we have here laid down, vx. 
the greater magnitude or quantity of the im- 
preſſion upon the retina by the line, than by 
the ſpot. But without the limits of Perfect 
Viſion another cauſe concurs, whereby the 
difference of viſibility between the line and 
the ſpot is rendred much more conſiderable. 
For the impreſſion npon the retina made by 
the line, is then not only much greater, but 
likewiſe much ſtronger than that of the ſport. 

167. Let ABC, Fig. 52, repreſent a white 
Circular ſpot upon-a black ground, and let 
it be placed ſo much beyond the utmoſt li- 
mit of Perfect Viſion, as that the radius of 
diſſipation, art. 17, may conſiderably exceed 
the radius of the ſpot. Then as every point 
within this circle ABC diſſipates its rays over 
a circle conſiderably greater, and can receive 
no ſcattered light but only from the other 
points ſituated within the ſame circle ABC, 
it is plain that the whole circle ABC muſt 
appear conſiderably fainter than if it were ſees 
by Perfect Viſion. 

168. But, in Fig. 53, let the ſame circle 
ABC be contiguous to two other equal cir- 
cles DEF, GH, their centers being all fi- 
tuated in one right line, and let theſe three 
circles be viewed from the ſame diſtance as 
before. Then the circle ABC will not ap- 
pear ſo faint and weak as before, becauſe it 
will receive part of the rays diſſipated from 
the adjacent circles DEF, G HI. And if 
the lines GD, IF be drawn touching theſe 
three circles, and the whole ſpace between- 
thoſe tangents be made white, the circle 4 BC 
will be ſtill farther illuminated by the light 
which is diſſipated from the additional ſpaces 
compriſed between the. circles and the tan-- 
gents. But this will compoſe a line of the 
fame breadth with the circle ABC, and by 
the addition of more circles this line may be 
extended to what length we pleaſe, and the 
whole line will be more illuminated than the 

e circle ABC. 

Therefore a line placed the limits 
of Perfect Viſion will appear more ſtrongly 
illuminated, and will make an impreſſion of 
more 


Different 
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more force upon the retina, than a circular 
ſpot of the ſame breadth. Conſequently, up- 
on this account, as well as upon that of the 
quantity of impreſſion, the line will be viſi- 
ble at a greater diſtance then the ſpot. 
169. As we have ſhown above, art. 163, 
164, that a dark line upon a white ground is 
viſible, within the limits of Perfect Viſor, 
when it ſubtends an angle of no more than 
2 or 3 ſeconds; and as there can be no reaſon 
to doubt but that a white line upon a dark 
ground muſt be viſible under as ſmall an an- 
gle; it might naturally be expected, that a 
white ſpace between two black parallel lines, 
the ſpace being of the fame breadth as each 
of the lines, ſhould alſo be viſible within thoſe 
limits, when the ſpace ſubtends an angle of 
only 2 or 3 ſeconds, or that this ſpace ſhould 
be viſible at the fame diſtance as one of the 
lines {ingly taken is perceivable. There might 
even be reaſon for thinking, that this ſpace, 
as it is white, ſhould be perceivable at a greater 
diſtance than a black line of the ſame breadth 
and length. But the caſe is far otherwiſe. 
170. For in Fig. 54, let AB be two black 
lines drawn upon white paper with a ſpace 
between them equal in breadth to each of the 
black lines; and let CD be another black line 
drawn at ſome conſiderable diſtance from 
the two former, but equal in breadth and 
length with either of them. Then, if the 
paper be ſet againſt a wall, and you retire 
backwards from it, you will find that at ſome 
certain diſtance ſuited to your eye, even with- 
in the limits of Perfect Viſon, the white ſpace 
between the two lines AB will not be diſtin- 
guiſhable, the two lines appearing as one 
broad line only ; but at the ſame diſtance 
the ſingle line CD will be manifeſtly perceived, 
and will continue to be ſo, though you retire 
to a conſiderable diſtance farther backwards. 
171. This will ſeem the more ſurprizing, 
when we conſider the following expetiment. 
Upon the fame paper with the two black 
lines AB, and the ſingle black line CD, let 
IK, in Fig. 55, be a white line, of the fame 
length and breadth with C D, but lying be- 
rween the two black ſpaces IKEF,IKGH, 
whoſe ſides next the white line are parallel 
to each other. Then, if the paper be fixed 
againſt a wall, and you retire backwards from 
it, the white line 1K will be viſible at as 
great a diſtance as the black line CD, that 
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is, at a much greater diſtance than the white 


line AB can be diſtinguiſhed. 

172. Here it may reaſonably be aſked, 
Why the white line 4B is not viſible at as 
great a diſtance as the black line CD, ſince 
thoſe two lines are equal both in length and 
breadth, and are both ſeen within the limits 
of Perfect Vifon? Alſo, Why is the white 
line IK ſeen at a greater diſtance than the 
white line 4B, fince theſe rwo white lines 
are equal in length and breadth, are both of 
them terminated by parallel black lines, and 
are both ſeen within the limits of Perfeci 
Viſion ? 

173. In order to give a ſatisfactory anſwer 
to theſe queſtions, it will be neceſlary to 
premiſe another obſeryation. 

The more compounded any object is, or 
the more parts it conſiſts of, it will, ceteris 
paribus, be more difficult for the eye to per- 
ceive and diſtinguiſh its ſeveral parts. 

For inſtance, it is ſomewhat difficult for 
the = to judge how many figures are con- 
tained in the following numbers, 1111111111; 
looooooooo. But if we divide the figures in 


this manner, 1111111111; 10000,00000 ; 


ſo as to conſtitute ſeveral objects leſs com- 
pounded, we can more eaſily eſtimate the 
number of figures contained in each of thoſe 
numbers; and more eaſily ſtill, if we thus 
divide them, 1, 111,111,111; 1, ooo, ooo, ooo. 

174. The cauſe of this, we apprehend, is 

2 — of keeping the eye perfectly 
y. 

For in counting theſe figures, 1111111111, 
if the eye be arrived, for inſtance, at the fifth 
figure from the right hand, and by any im- 
perceptible motion of the body, or involun- 
tary fluctuation of the eye itſelf, its axis hap- 
pen to be directed to the fourth or ſixth fi- 
gure,or to the interval between the fifth figure, 
and either of theſe, we find ourſelves im- 
mediately at a loſs, not knowing from which 
figure to proceed in our counting, and are 
2 obliged to begin again at the right 


That this is the true reaſon, may appear 
from its being eaſier to count the figures in 


the number 121212121212, than in the 
number 1111111111113 and from its being 
ſtill eaſier to count them in the number 
123123123123, or 123412341234, where 
from the diſſimilitude of the figures the eye 

morg 
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more eaſily recovers its place when once 
loſt. 

175. From the ſame cauſe of the inſtabili- 

of the eye it muſt be, ceteris paribus, more 

ifhcult to perceive and diſtinguiſh the parts 
of any compound object, when each of 
thoſe parts ſubtends a very ſmall angle, than to 
ſee a ſingle object of the ſame magnitude 
as one of thoſe parts. 

For inſtance, the hour I. upon a dial-plate 
may be ſeen at ſuch a diſtance, as the hours 
II, III, INE. are not to be diſtinguiſhed at, 
eſpecially if the obſerver be in motion, as in 
a coach, or on horſeback, or even in a boat 
upon the water. This may eaſily be expe- 
rienced in looking-at a dial where the inter- 
vals between the black or gilt ſtrokes are e- 
qual to the breadth of thoſe ſtrokes; and 
much more eaſily where the intervals are of 
a leſs breadth, which is a defect in large 
dials that are to be ſeen at a great diſtance. 
For in theſe, the intervals ought to be con- 
ſiderably broader than the ſtrokes. 

Likewiſe, A B, in Fig. 54, is a compound 
object conſiſting of three viz. the two 
black lines and the white line lying between 
them: But CD is a fingle object conſiſting 
of one black line only upon a white ground : 
And IK, Fig. 55, is to be conſidered as a 
ſingle object conſiſting of one white line only 
upon a black ground. 

Now in viewing either of theſe ſingle ob- 
jects, if the eye be imperceptibly moved, all 
the effect from that motion will be only, 
that the object will be painted upon a different 
part of the retina; but wherever it be painted, 
there will be but one picture, ſingle and un- 
confounded with any other. 

But in viewing the compound object A B, 
if the eye be ſuppoſed to fluctuate ever ſo 
little, the image of one or other of the black 
lines will be ſhifted on to that part of the 
retina, which was before poſſeſſed by the 
white line; and this muſt occaſion ſuch a 
dazzle in the eye, that the white line cannot 
be diſtinctly perceived and diſtinguiſhed from 
the black lines, which by a continual fluctu- 
ation will alternately occupy the ſpace of the 
white line, whence muſt ariſe an appearance 
of one broad dark line without any manifeſt 
ſeparation. 

176. By trying this experiment with two 
pins of known diameters, ſet in a window 


them muſt ſubtend an 


againſt the ſky-light, with a ſpace between 
them equal in breadth to one of the pins, I 
find the diſtance between the pins can hardly 
be diſtinguiſhed, when it ſubtends an angle 
leſs than 40”, though one of the pins alone 
835% 

177. But though a ſpace between two pins 
cannot be diſtinguiſhed by the eye, when it 
ſubtends a leſs angle than 40", it would be 
a miſtake to think, that the eye muſt neceſ- 
farily commit an error of 40“ in eſtimating 
the diſtance between two pins, when they 
are much farther off from one another. 

For if the ſpace between the two pins be 
ſuppoſed to ſubtend an angle of 1*, and each 
of the pins to ſubtend an angle of 4”, which, 
by art. 163, 164, is greater than the leaſt 
angle the eye can diſtinguiſh, it is manifeſt, 
that the eye may judge of the place of each 
pin within 2” at the moſt, and conſequantly 
the error committed in taking the angle be- 
tween them cannot at the moſt exceed 4”, 
provided the inſtrument be ſufficiently exact. 

178. And yet upon the like miſtake was 
founded he principal objection of Dr. Hook, 
againſt the accuracy of the celeſtial obſer- 
vations made by the famous HEVEL Ius. 

179. By art. 149, a black ſpot upon a 
white ground, or a white ſpot upon a black 
ground, can hardly be perceived by the ge- 
neraliry of eyes, when it ſubtends a leſs an- 
gle than one minute. 

And if two black ſpots be made upon white 
paper with a ſpace between them equal in 
breadth to one of their diameters, that ſpace 
is not to be diſtinguiſhed, even within the 
limits of Perfect Viſion, under ſo ſmall an an- 
gle, as a ſingle ſpot of the fame ſize can be 
diſtinguiſhed. To ſee the two ſpots diſtinct, 
therefore, the breadth of the ſpace between 
of more than 
2 minute. It would be very difficult to make 
this experiment accurately within the limits 
of Perfect Viſion, becauſe the objects muſt be 
extremely ſmall; but by a rude tryal with 
ſquare bits of white paper placed upon a black 
ground, I judge that che leaſt angle, under 
which the interval between the two objects . 
can be perceived, is at leaſt a quarter part 

eater than the leaſt angle under which a 
— object can be perceived. So that an 
eye, which cannot perceive a ſingle "_ 

u 
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under a leſs angle than one minute, will not 

ceive the interval between two ſuch ob- 
jects under a leſs angle than 75 

180. Without the limits of Perfect Viſion, 
the diſtance at which a ſingle object ceaſes 
to be perceivable, will be much greater in 
proportion, than the diſtance at which a ſpace 

of equal breadth between two ſuch objects 
ceaſes to be perceivable. 

For without theſe limits the image of each 
of the objects will be attended with a pen- 
umbra; and the penumbræ of the two near ob- 
jects will take up part of the ſpace between 
them, and rock render that ſpace leſs per- 
ceivable; but the penumbra will add to the 
breadth of the ſingle object, and will there- 
by make it more perceivable, unleſs its image 
be very faint. 

Hevelius 181. Dr. Hook aſſerts, that the ſharpeſt 
defended eye cannot diſtinguiſh the interval between 
againſt Dr two ſtars, that are leſs than half a minute a- 
Hooke. ſunder, and that not one eye in an hundred 
can 

If we ſuppoſe therefore that HE vEL1vs, 

whoſe eye undoubtedly was very good, as 

was hols his obſervations, and particular- 

ly from Dr. * HALLEy's teſtimony, could 
iſtinguiſh two ſtars that were one minute 
aſunder, it follows, from art. 64, that the 

falſe image of a ſtar to HEveLIvs's eye did 

not exceed half a minute. | 
But if 40 be ſuppoſed the leaſt angle in 
2 compound object, that HEvEL1vus's eye 

could perceive in caſe of Perfect Viſion; then 

in order for him to perceive an interval be- 

tween two ſtars that were 1, or 60” aſunder, 

40” at leaſt of that interval muſt have been 

clear of the two falſe images of the ſtars, fo 

that the falſe image of each ſtar could at the 
moſt take up no more than 10” of the in- 
bend 1 them. Conſequently, a ſin- 

to HEvEL1vs's eye could a 

only under an angle of 20”. ** 
182. And from other conſiderations it is 
not improbable, that his eye muſt have been 
fitted to ſee a ſtar under fo ſmall an angle as 
- 20”, at the time of his controverſy with 
Dr. Hook. For this noble Aſtronomer was 
then far advanced in years, and his eye muſt 
thereby have been ſomewhat flattened ; and 
by a continued courſe of obſervations for 
near fifty years, it muſt have been as much 


fectly exact. - 


diſtinguiſhan interval of leſs than a minute. 
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adapted for viewing celeſtial objects diſtin. 
ly, as practice and habit could make it. 
183. Let us therefore conſider, what error 
in obſerving either the altitude of a ſtar, or 
the interval of two diſtant ſtars, muſt neceſ- 
farily be committed by ſuch an eye; ſuppoſing 
the inſtrument he obſerved with to be per- 


And here we are firſt to take notice, that 
the ſights he made uſe of next his eye, were 
narrow rectangular ſlits ſo placed upon his 
inſtrument, that the length of the ſlit was 
always perpendicular to the plane of the an- 
gle he was to obſerve, and the breadth of 
the ſlit was in the fame plane with that an- 
gle. So that by this means the eye received 
a ſufficient quantity of light along the lit to 
render the ſtar viſible, while at the ſame 
time that apparent diameter of the ſtar, which 
lay in the plane of the angle intended to be 
meaſured, was conſiderably leſſened. On 
which account, if not by reaſon of his age 
alone, we may reaſonably ſuppoſe a ſtar ap- 
peared to him under no greater angle than 
20”, but rather leſs. 

Let AOB, Fig. 56, be the altitude 
of the ſtar to be obſerved, whoſe cen- 
ter is C, and whoſe apparent vertical diame- 
ter is Aa, ſubtending an angle of 20”. 

Here it is manifeſt, that if, inſtead of aiming 
at C, the center of the ſtar, or the middle of 
its light, he directed his fight to the lower 
edge of the light at a, or to the upper edge of 
the light at A, he could err but 10” either 
way, and that the greateſt difference between 
two obſervations of the fame ſtar, could not 
exceed 200. 

But as he would undoubtedly aim at the 
middle of the light as near as he could, and 
we cannot eaſily ſuppoſe him to deviate from 
the middle more than half the radius of the 
ſtar, be could hardly commit an error of more 
than 5” either way. 

184. Let Cc, Fig. 57, be the interval be- 
tween the centers of two ſtars C, c; and let 
COc be the angle which that interval ſubtends at 
the eye of the obſerver, and which HeveLivs 
was to meaſure by his inſtrument; alſo, let 
A2, Bb repreſent the apparent diameters of 
the two ſtars in the plane of the angle to be 


meaſured, each of them ſubtending an angle 


of 20”. 


® Hevelii Annus Climactericus. 


Then 


/ 


DISTINCT AND INDYISTINCT VISION, 


"Then if the axis of one obſeryer's eye were 
directed to c the center of the ſtar Be, a- 
the-line Oc; and the axis of the other 
obſervers eye were directed to C the center of 
the ſtar A C 4, along the line OC; it is plain 
that the angle found by the inſtrument, muſt 
be the very angle OC ſubtended by Cc the 
interval between the centers of the two ſtars, 
without any error. 

Alſo, if the eye of one obſerver were di- 
rected to b, the right hand extremity of the 
ſtar Bcb; and the eye of the other obſerver 
were directed to a, the right hand extremity 
of the ſtar ACa; the angle 50 4, found by 
the inſtrument, muſt be equal to the angle 
c OC, without any error, 

So likewiſe, if the eye of each obſerver 
were directed to the left hand extremities of 
the two ſtars, B and A; the angle BOL, 
found by the inftrument, muſt be preciſely 

ual to the angle cOC, without any error, 

185. And if the two obſervers were fo 
careleſs, and withal ſo unhappy, as to direct 
their eyes to the two remoteſt extremities of 
the two ſtars, b and A, the angle thereby 
found 50A, would exceed the true angle 
coc, by an error of 20”, and no more. 

And juſt the ſame error would ari e if they 
took their aim at the two neareſt extremities 
of the ſtars, B and @, the angle being then 
1 2 ny e 

186. But thi ppen, 
cially to ſo experienced an es as He. 
VELIUs, who would undoubtedly direct his 
line of colliſmation Oc to the middle of the 
light of the ſtar, as near as he could: and 
it can ſcarce be ſuppoſed that he could de- 
viate from c the center of the ſtar Bcs, 
more than half the diſtance ch, or cB, which 
could alter the place of the ſtar no more 
than 5”, And if the ſame miſtake were com- 
mitted the contrary way in the place of the 
other ſtar A Ca, this could increaſe or di- 

miniſh the interval between them by no more 
than 10”, ſuppoſing that interyal to have been 
taken no more than once. 

187. But by repeated obſervations, and ta- 
king a medium berween them, as was his 
practice, he muſt ſettle the interval very near 
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medium within 5 or 6”, as appears to have 
been the caſe, both by comparing his obſer- 
vations one with another, and. by the teſti- 
mony given him by D* HALLEy, who af 
firms that his obſervations made by plain ſights 
did not differ from the truth, iſs contemnendd 
minuti parte. Therefore the obſervations of 
this illuſtrious Aſtronomer could not differ 
from the truth, 1, 2 or 3 minutes, nor was 
the largeneſs of his i and the ac- 
curacy of their diviſions, a needleſs 
or vain curioſity, much exceeding what 
nicety the eye could obſerve to, as was in- 
juriouſly fi by the learned D* Hook. 

188. To what we have thought fit to ſay 
in vindication of this noble and renowned 
— whoſe memory will always be 

noured by ingenuous minds, it ma 
be objected, —— eyes of thoſe — 
who obſeryed with him, might poſſibly not 
be ſo good as his own ; and conſequently the 
error committed in taking the diſtances of 
two ſtars, might be conſiderably greater than 
what we here ſuppoſe. | 

We anſwer, that one of thoſe aſſiſtant obſer- 
vers was his Lady, probably not much y 
than himſelf, and much accuſtomed — 
vation, as were like wiſe his other aſſiſtants: and 
if ſome of theſe were younger perſons, and 
conſequently might ſee a ſtar under a greater 
angle than 20”, by the bare eye, yet in look- 
ing through his ſights the angle might little 
exceed that tude: at leaſt, as they were 
trained up by him and uſed to ion, 
they could hardly deviate from the middle of 
the light ſo much as one half of the radius, 
as we have above ſuppoſed. And our libe- 
rality in this conceſſion may very well com- 
penſate for the ſomewhat greater angle under 
which they might ſee the ſtar. To which 
we may add, that any error an aſſiſtant ob- 
ſerver could commit, muſt affect the 
on one ſide only, and could not be doubled, 
as was above ſuppoſed. And upon the whole, 
the near agreement of his obſervations one 
with another, is a ſufficient proof, that his 
aſſiſtants were capable of obſerving with ſuffi- 


Cient accuracy. 


189. Mr. Huygens in his Syſtema Saturnium, Outer 
among many curious points, which with his edge of 
uſual fagacity and penetration he has happily Saturn's 
diſcuſſed, to the ſatisfaction of the Learned ing why 

U Wor iny 


the truth; ſo that ſcarce any ſingle obſervation 
could differ from that medium more than 10”, 
and the reſt muſt generally approach the 
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World, propoſes a very difficult * queſtion, 
Why the outer edge of Sarrru's ring is not 
vilible in the form of brachia, when the earth 
is in the plane of the ring, Saturn then ap- 
pearing round. | 
' This he finds no other way of ſolving, than 
by ſuppoſing that this outer edge is of ſuch 
a nature, or is covered with ſuch a matter, 
as does not at all, or very little reflect the 
light chat falls upon it from the Sun: and in 
this ſuppoſition he has been followed by ſome 
later Philoſophers. 
190. Now, it has indeed been obſerved 
by Mr.“ Huygens himſelf, as well as by 
ſignor Caſſini and ſome of our Engliſh Aſtro- 
nomers, that the outer part of the planes of 
the ring is leſs luminous than the inner fart; 
and therefore it is not unlikely, that the outer 
edge of the ring may alſo be leſs luminous 
than the inner and brighter part of thoſe 
planes, or even than the body of Saturn, 
which is ſomething darker, at leaſt towards 
the outſide, than the inner and more lucid 
part of thoſe planes. | 
But that this outer edge ſhould be of fo dif- 
Ferent a nature from thoſe parts of the upper 
and under plane, between which it lyes, and 
to which it is immediately contiguous, as that 
thoſe ſhould reflect the light in the manner 
they are found to do, and this ſhould reflect 


it very little, or not at all, is difficult to ſup- 


191. It may therefore be worth while to 
try, whether this queſtion can be anſwered 
any other way, without admitting ſo hard a 
| ti 


on. 

Mr. Huygens ſuppoſes the thickneſs of the 
ring to be about 600 German miles, and as 
He makes the diameter of Saturn equal to 
15 diameters of our Earth, which is about 
2000 German miles over, this thickneſs of 
the ring muſt by his eſtimate be abont =, 
Part of the diameter of Saturn. 

Now the apparent diameter of Saturn, by 
the obſervations of the late accurate Aſtro- 
nomer, Mr, James Pound, is at his mean di- 
ſtance from the earth, 18”; therefore at his 
leaſt diſtance it muſt be 20”, and conſequent- 
ty the preateſt apparent thickneſs of the ring 
muſt be eſtimated at + part of 20”, when 
the earth is in the plane of rhe ring. | 

And if the teleſcope uſed by Mr. Huygens in 


» Syſtem, Saturn. p. 61. 
3 


Þ Coſmotheoros. p. 110. 
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theſe obſervations did, as he ſuppoſes, mag- 
nify an hundred times, the apparent elne 
of the ring through that teleſcope muſt haye 
been at the moſt 35 x 100, that is 40”, 
Now we conceive, that in ſuch a com- 


pound body as Saturn appearing under an 
angle of 20” x 100, or of 33 that is, about 


i the ſize of the full Moon, with two brachia 


roceeding from him of 40 in apparent 
dth, thoſe-brachia cannot be very diſtin- 
guiſhable, even though they were to reflect 
the light as ſtrongly as the body of the planet; 
much les, if they are not fo luminous as the 


planet. And leſs ſtill can thoſę brachia be 


viſible, if when the Sun is in the plane of the 
ring, the Earth be in quadrature with him 
and Saturn, in which caſe the edge of the 
ring, being obliquely ſeen, will ſubtend an 
angle at the eye leſs than 40 thro” the teleſ- 


EOPEC. 

Bur if the breadth of this edge be much 
leſs than {+ part of Saturus diameter, as will 
appear probable from what follows; then ir 
muſt have ſubtended a much leſs angle in 
Mr. Huygeas's teleſcope than 40”, ſo that the 
brachia muſt undoubredly be inviſible, and 
Saturn ought to appear round, as he is found 
to do by obſervation. 

192. It may be here objected, that in the year 
1656, Mr. © Huygens faw the projection of 
this edge as a dark liſt upon the body of Sa- 
turn, at a time when the Earth and Sun were 
both nearly in the plane of the ring; and con- 
ſequently that the thickneſs of the ring is not 
ſo ſmall as to render it inviſible. 

We anſwer, there is reaſon to ſuſpect this 
illuſtrious Aſtronomer was miſtaken, not in 
the obſervation itſelf, but in the judgment he 
made upon that obſervation. 

"That he ſaw a dark lift traverſing the mid- 
dle of the planet, is not to be doubted: but 
as a like dark liſt, or belt, has ſince been diſ- 
covered about the middle of Saturn, at ſuch. 
time as the Earth is out of the plane of the 
ring, ſo that the ring is plainly viſible, and 
the middle of Saturn appears within the el- 
lipſe; we ſuſpect that this appearance, or ſuch 
11 of it as was moſt diſtinguiſhable thro” 

is teleſcope of 23 feer, either alone, or 
jointly with the darkiſh line ariſing fram the 

ojection of the edge of the ring upon the 
body of Saturn, might be miſtaken for the 


© Syſtem. Saturn. p. 16, 17, 61, 62. 
projection 
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;rojeftion of that edge alone; which muſt 
[ab iin to conclude the thickneſs of the 
ring much greater than it really is. 

193. And when the Earth and Sun were 
not exactly in the plane of the ring, but one 
was a little elevated above it, and the other 
a little depreſſed below it, or both were either 
a little elevated aboye it, or a little depreſſed 
below it, and yet ſo little that the plane of 
the ring was very faintly illuminated by the 
Sun; in all theſe caſes that plane of the ring, 
which was expoſed to the eye of the obſer- 
ver, would be projected upon the body of 
Saturn, as a narrow dark lift, contiguous to 
the narrow dark liſt formed by the projection 
of the outer edge of the ring. And theſe two 
narrow dark liſts muſt appear as one, and 
might be taken by Mr. Huygens for the pro- 
jection of the edge alone, which conſequent- 
ly muſt have been reckoned much thicker 
than ir really is. To which I muſt add, that 
when the Earth and Sun were on oppoſite 
ſides of the plane of the ring, or when both 
being on the ſame fide, the Earth was a little 
more, or a little leſs out of that plane than 
the Sun, in both theſe caſes the eye might 
perceive a ſmall part of the ſhade caſt b 
the ring upon the body of the planet, whic 
being contiguous to the other two narrow 
dark lifts would appear as one with them, 
and muſt increaſe the error. | 

194. But it will be farther objected to me, 
that when Saturn appears with brachia, or 
even with au., in which caſe the ſame fide 
of the ring is turned to the Earth, as is illu- 
minated by the Sun, yet ſuch a dark liſt has 
been obſerved traverſing the body of Saturn 
ſometimes on the northern part, and 
ſometimes on theꝰ ſouthern, but always in 
ſuch a poſition as anſwers to the projection 
of the ring upon the body of the planet, and 
conſequently ariſing only from that pro- 
jection. n 

I anſwer, that the outer part of the plane 
of the ring, which by Art. 190, in all proba- 
bility is equally dark with the edge of the 
ring, will be projected upon the body of Sa- 
turn, contiguous to the projection of that 
edge, and together with it will form the ap- 
pearance of one dark liſt. 

To which we may add, that when the eye 
is any thing leſs elevated than the Sun above 


* Syſt. Saturn. p. 10, 11. 


d Ibid. p. 18, 21, 24. 
U 2 which 


the plane of the ring, ſome part of the ſhadow 
mnſt appear contiguous to the two projections 
abovernentioned, and muſt increaſe the 
breadth of the liſt. | 

Conſequently, what was obſerved in this 
caſe by Mr. Huygens, was not the projection 
of the edge alone, but the united projection 
of that edge and of the outer and darker part 
of the plane of the ring, to which ſometimes 
a part of the ſhadow might be added: So 
that the ring may be much leſs in thickneſs 
than eg part of Saturns diameter, and might 
ſubtend a much leſs angle than 40”, when 
magnified an hundred times through the 
teleſcope. 


195. Galilea, in his Nuncius Sidereus, propoſes Moon's 
an objection made by a great number edge why 
of learned Perſons, againſt his new diſcovery, even, and 
that the ſurface of the Moon was not even, not rag 


but full of high mountains in all the brighter Sed. 


parts of it. 

If, fay they, the limb of the Moon, which 
is generally very bright, be full of mountains, 
why does it appear even and ſmooth thro? 
the teleſcope, and nor ragged like the teeth 
of a ſaw, or a wheel in clock-work? 

To which that moſt accute and ingenious 
Philoſopher replies, that one range of hills 
only upon the yery edge of the Moon might 
create ſuch an appearance as they ſuppoſed; 
but that ſeveral ranges of hills being placed 
one behind another, the tops of the nearer 
hills muſt be projected by the eye into the 
apertures or vallies between the hills of the 
outer ranges, and conſequently muſt cauſe 
the limb of the Moon to appear even, as it 
is found by obſervation. 

196. To this it may be added, that if there 
were only one range of hills on the edge of 
the Moon, and the height of thoſe hills were 
about r part of the Moon's diameter, as 
he ſuppoles in another place; then, the 
Moon's apparent diameter being about 30, 
or 32, the perpendicular height of thoſe hills, 
which alone is here to be conſidered, would 
be preſented to the naked eye under an 
angle of 74+ or 743+ of a minute, and thro? 
his teleſcope magnifying about zo times, would 
be preſented under an angle of 4+ or 25; 
of a minute, which in ſuch a compound ob- 
ject could by art. 173, hardly be diſcerned. 
Much lefs could the ſwaller inequalities, 
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which muſt be formed by ſeveral ranges of Monſ. De Ie Hire will be found utterly in- 
hills, be viſible thro? his or a much longer ſufficient to anſwer the different caſes of this 
teleſcope. phenomenon. 
Circleof 197. In accounting for the phenomena of 199. For a long narrow object, as one of 
diſſipation indiſtinct Viſion above recited, we have made the abovementioned lines upon a ſun-dial, 
not uni: uſe of only this ſingle principle, that the rays or a ſign. iron, or a pole on the top of a houſe 
formly lu- of a pencil are not accurately collected into or ſcaffolding, or a narrow diſtant ſpire, when 
minous. 4 point upon the retina, but occupy a circu- ſeen againſt the ſky-light, or the top of a 
lar ſpace thereon, which we have called the broader ſpire, or a narrow interval between 
circle of diſfipation. This circle we have hi- two chimnies, or one horn of the new Moon, 
therto treated of, as if it were uniformly lu- or the whole illuminated part of the new 
minous, or as if the rays of the pencil were Moonwhen very narrow, will appear double 
equally and uniformly ſpread over the whole not only to ſhortſighted perſons, but ro ſuch 
circle. But in reality the fact is otherwiſe : the alſo as are longſighted, provided they apply 
are not evenly difpoſed all over this cir- a convex glaſs to the eye, ſo as to put them- 
cle, but are denſer in ſome parts of it than ſelves into the caſe of a perſon naturally 
in others. And though in many caſes, and ſhortſighted. Conſequently this appearance 
indeed in moſt of the phenomena above rela- is not occaſioned by any particular and un- 
ted, this inequality of the denſity of the rays uſual form of the cryſtalline in ſhortſighted 
is not very conſiderable, nor occaſions any ons. 
change in the a nce, yet there are 200. But theſe objects will not only appear Appears 
ſome few of them that will be remarkably double, which is the caſe Monſ. De 14 Hire triple, 
affected by it; and there are ſome other very wanted to account for. They will ſometimes quadruple, 
uncommon and ſurprizing a ces, that appear triple, quadruple, quintuple, Sc. Kc. 
are not to be accounted for from the com- 201. And the fame appearances will occur, 
mon laws of Opticks, and depend wholly not only when the object is at too great a 
upon this inequality of the rays in different diſtance for Diſtinct᷑ Viſion, but alſo when it is 
parts of the circle of diſſipation. too near for Diſtinct Viſion. Let any perſon 
Aline in- 198. Monf. De la Hire & takes notice, that whatſoever, whether ſhortſighted or long- 
diſtinctly to ſhortſighted perſons, narrow objects at a ſighted it matters not, look upon a narrow 
ſeen ap- diſtance, as the black lines for the hours up- black line drawn upon white paper, and held 
R. dou- on a white ground in a large ſun- dial, appear too near his eye to ſee the line diſtinctly, and 
double. This phenomenon, he obſerves, is one he will ſometimes ſee the appearance of two, 
of the moſt difficult to account for; and ſometimes of three or more dark lines, ſepa- 
finding no way of ſolving ir by the common rated by whitiſh lines. 
and known make of the eye, he is reduced 202, This tryal will ſucceed ſtill better, F 
50 ſuppoſe, that in perſons, who ſee this ap- inſtead of a black line upon paper, a fine 
ce, the hinder ſurface of the cryſtalline needle be held very near the eye, and 
— is made after a peculiar manner, fo viewed againſt the ſxy- light, againſt a window, 
that a perpendicular ſection thro? it reſem- or againſt white paper ſtrongly illuminated. 
bles the conchoide of Nicomedes. For the needle will — — as two, three, 
But this is certainly a very hard ſuppoſition, four, five, or more different needles, eſpeci- 
and does not appear to have any foundation ally towards the point. | 
in nature, no cryſtalline of ſuch a make ha- 203. But the way I have met with of 
ving ever yet been obſerved. trying this experiment, is as follows. Take 
And if we ſhould even allow of this licence, a parallel rule, and opening it to a ſmall a- 
which is ſo-often taken by ingenious men, of perture, hold it directly before your eye, ſo 
framing an hyporheſis intirely out of their as to look at the ſky-light thro? the aperture. 
own brain, and without the leaſt appearance And let the diſtance you hold it at, at firſt, 
of foundation in the nature of things, in or- de the neareſt diſtance at which you can ſee 
der to account for ſuch particular phenomen»® it diſtin&tly. At that diſtance the aperture 
as they want to ſolve; yet this ſuppoſition of will appear as one luminous line. But if you 
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bring the parallel rule nearer to your eye, 
rhe aperture will appear double, or as two 
luminous lines, with a dark line berween 
them. And accordingly as you vary the 
aperture, or the diſtance from your eye, you 
will ſee the appearance not only of two, three, 
four, five, & c. luminous and dark parallel 
lines, alternately, but of a greater number 
than you can count, eſpecially when you 
look thro? the aperture at the flame of a can- 
dle. 

204. The parallel rule opened to a ſmall 
aperrure affords the beſt means of trying the 
experiment beyond the bounds of Diſtinct 


"Ip 
nome nos diverſified by different circumſtan- 
ces, and muſt ariſe from one and the ſame 
cauſe; and that the hyporheſis of Monſ. De 
ia Hire is utterly inſufficient for their ſolu- 
tion, ſince there is no eye whatſoever to 
which they may not all be made to happen, 
at leaſt by means of a convex glaſs for one, 
or concave glaſs for another, I ſhall proceed 
to lay down what I apprehend to be the cauſe 
of them, and that not an imaginary or ficti- 
tious cauſe, but ſuch an one whoſe exiſtence 
has been demonſtrably proved, long before 
thoſe appearances were taken notice of. 


208. Sir * IS AAC NEWTON has demon- Cauſed by 


Viſion likewiſe, by ſecting it in a window a- 
gainſt the ſky-light, and viewing it thro a 
convex glaſs, if you are longſighted, or with 
the bare eye, if ſnortſighted. For then you 
will have all the ſame appearances as in the 


ſtrated, that the rays of light are not, in all the Fits of 
parts of their progreſs, in the ſame diſpoſition eaſy re- 
to be tranſmitted from one tranſparent me; fraction 
dium into another, but that ſometimes a ray, and reflex- 
which is tranſmitted thro? the ſurface of the ion of 
ſecond medium, would be reflected back from lr, 


Other 
phæno- 


preceding article. 
205. Likewiſe when a broad luminous or 
white body is ſeen againſt a dark ground, as 


mena of 2, piece of white paper, the tallow or wax 


like na- 
ture. 


in a candle next the flame, or the lower part 
of the flame itſelf, or when the ſky- light is 
looked at contiguous to the dark edge of a 
building, and the object is either too near 
or too far off for Diftin& Viſion, the apparent 


edge of the luminous body will be bounded - 


by a dark line, without which will be a lumi- 


nous line parallel to it; and ſometimes there 


will appear two or more ſuch dark and lu- 
minous lines alternately, like ſo many fringes 
on the outſide of the luminous body. 


206. And when a dark body is ſeen againſt 
2 light ground, as the edge of a building againſt 


the ſky-light, or a flat rule 2gainſt white pa- 
per, or againſt the ſky-light, and the object 


is too near or too remote to be diſtinctly 


ſeen, the dark body will appear fringed with 
luminous and dark edges alternately. And all 
thoſe appearances may. be made to happen 
to any eye, by uſing a concave or convex 
glaſs as circumſtances ſhall require. But the 
experiment will ſucceed beſt, when the light 
of the luminous body, or that againſt which 
the dark body is ſeen, is neither very ſtrong, 
nor very weak. 

207. As, I ſuppoſe, it will readily. be al- 


lowed me, that the appearances mentioned in 


the eight preceding articles, are only different 


eaſes, or varieties, of one and the ſame phæ- 
„Opt. Book II. 


that ſame ſurface, if the ray had a very little 
farther to go before it fell upon that ſurface. 
This change of diſpoſition in the rays of light 
to be either tranſmitted by refraction, or to 
be reflected by the ſurface of a tranſparent 
medium, he calls their Fits of eaſy Refraction 
and Fits of eaſy Reflexion: and he proves, 
that thefe Fits ſucceed each other alternate 
ly at very ſmall interyals in the progreſs of. 
the rays. 

209. Thus if 4, Fig. 58, be a luminous 
point, or center of a pencil of rays, which 
idſuing from the point A fall upon Ba D a 
refracting ſurface interceding two pellucid : 
mediums of different denſity; and the ray Aa, 
perpendicular to that ſurface, be in a Fit of 
eaſy refraction, when it arrives at the point 
a; it will paſs on and be tranſmitted thro? 
the medium BDF. And if the ray A, 
whoſe paſſage from the point A to b is a. 
little longer than that of the ray Aa from 
A to a, be in a Fit of eaſy Reflexion, when 
it arrives at the point 6; it will not be 
tranſmitred thro? the medium BDE, but will 
be reflected back again into the medium BDA. 
And if we ſuppoſe Ah to be the neareſt ray 
to Aa, that is in a Fit of eaſy reflexion; and 
Ac the neareſt ray to A6, which is in a Fit 


cf eaſy refraction; and Ad the next ray which 


is in a Fit of eaſy reflexion ; and Ae the next 
ray which is in a Fit of eaſy refraction; and 
Af the next ray which is in a Fit of eaſy re- 


fexion: 


flexion: Then all the rays between 4 and 6 

be tranſmitted thro* the medium BDF; 
all the rays between + and c will be reflected 
back; all the rays between c and d will be 
tranſmitted; all the rays between d and e will be 


reflected back; and all the rays between e and f 


will be tranſmitted. And thus we may imagine 
a great number of parcels of rays, which will 
be tranſmitted or reflected alternately by the 
ſurface B @ D. | 

210. Now if all the parcels of rays tranſ- 
mitted thro? the ſurface B 4 D be accurate- 
Jy collected into a point, or focus, there will 
no-other conſequence ariſe from the other 
parcels of rays having been reflected back- 
wards, than that this focus will be leſs lumi- 
nous than it would have been, had every 
parcel of rays been tranſmirted to it. 

211. But if the parcels of tranſmitted rays 
be received upon a plane MN, before they 
arrive at their focus, F, this plane will be 
diſtinguiſhed alternately into luminous and 
dark ſpaces, luminous where the parcels of 
tranſmitted rays fall upon it, and dark where 
the other parcels of rays ought to have fal- 
len, had they not been reflected backwards 
at the ſurface Ba D, as is manifeſt from Fig. 
58 and 59, in which laſt the middle circle 
is ſurrounded by ſeveral rings luminous and 
dark alternately. And it is to be remarked, 
that thoſe parcels of rays which fall upon the 
right hand fide of the ſurface BD, do likewiſe 
all upon the right hand ſide of the plane MN, 


and conſtitute the right hand fide of the rings. 


212. If the tranſmitred rays meet with the 
plane n, Fig. 60, after they have paſſed the 
, the effect will be juſt the ſame as in 
the preceding article, except only that the 
parcels of rays, which fall upon the right 
hand fide of the ſurface BaD, will now, af- 
ter decuſſating in the focus, fall upon the 
left fide of the plane mu, and will conſtitute 
the left fide of the rings in Fig. 61, as is 
manifeſt from inſpection of the figures. 
213. Here it is to be remarked, that the 
middle part of the image, in the four laft 


figures, will not always be luminous as is there 


repreſented ; but will ſometimes be dark, as 

in Fig. 62, that is, when the midddlemoſt 

rays about Aa are in a Fit of eaſy reflexion 
their arrival at the ſurface BaD. 

214. As theſe effects of the Fits of eaſy 

refraction and eaſy reflexion of the rays of 

light muſt happen at all refracting ſurfaces 
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whuſoever, it is manifeſt that, when à pen- 
cil of light falls upon the cornea, ſome par- 
cels of its rays will be tranſmitted into the 
eye, while other parcels are reflected back into 


the air; and conſequently that the picture of 


a luminous point, if it were received 

a plane placed before the cryſtalline, would 
conſiſt of a middle circle, ſurrounded with 
rings dark and luminous alternately, as in Fig. 
59, 61, 62. 

215. Bur the tranſmitted rays, which con- 
ſticute the luminous rings, will, upon their 
arrival at the anterior ſurface of the cryſtal- 
line, be ſome of them in Fits of eaſy refraction, 
and ſome of them in Fits of eaſy reflexion, 
that is, ſome of them will be tranſmitted, 
and others will be reflected back. The 
conſequence of this will be, that the lumi- 
nous rings ariſing from the refraction at the 
the cornea, will now be ſubdivided into nar- 
rower rings dark and luminous alternately; 
and ſome of theſe narrower lucid rings will 
fall upon the ſpaces poſſeſſed by the dark 
rings cauſed by the refiexion of the cornea, 
and will ſubdivide them likewiſe into dark 
and lucid rings alternately ; and ſuch would 
be the picture of a lucid point, when received 
upon a plane within the cryſtalline. 

216. But when the tranſmitted rays arrive 
at the hinder ſurface of the cryſtalline, thoſe 
lucid and dark rings will again be ſubdivided, 
as at the anterior ſurface, by which means 
the dark or luminous rings will ſometimes be 
rendred ſmaller and more in number than 
before, and ſometimes by the junction of new 
dark rings to the former dark rings, or of 
new lucid rings to the former lucid rings, 
thoſe rings will be rendred larger and redu- 
ced to a leſſer number. 

Such therefore muſt be the image of a lucid 
point upon the retina, when that point is either 


too near, or too remote to be ſeen by Diſtinct 


Viſon. | 
217. As the interval between a Fit of eaſy 
tranſmiſſion and the next Fit of eaſy reflexion 
is excecding ſmall, being in air but about 
re part of an inch, and in water but 
about the 3; part of an inch, it is ob- 
vious that the leaſt motion of the body, or 
of rhe eye, or of any of the parts within it, 
muſt make a change in theſe rings, making 
dark parts lucid, and lucid parts dark, whence 
muſt ariſe an infinite variety in the number, 
magnitude and order of the rings. 

218. From 


— 
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- 218. From what has been faid, it plainly 
ef that when a lucid point is too far 
lucid point off, or too near, for Perfect Viſion, its image 
by indi- upon the retina, will be diverſified with light 
ſtint Vi- and dark rings alternately, after the manner 
fon. repreſented in Fig. 59, 61, 62, or, the circle 

-of diſſipation, which we have hitherto conſi- 

ed as uniformly luminous, will not be fo, 
but will be alternately divided into light and 
dark rings, ſometimes more, ſometimes fewer, 
ſometimes broader, ſometimes narrower. 

219. When any parcel of theſe rings al- 
ternately light and dark, are ſo very narrow 
and cloſe together, as that they cannot ſingly 
be perceived, they will all appear as one ring, 
which our ſenſe will judge of as light or dark, 
according as the lucid rings in that parcel for 
number and breadth either exceed or fall 
ſhort of the rings adjacent. 

220. It may be proved, that when rays iſſue 
from ſo diſtant a point as to unite in the eye 
before the retina, their denſity in the ſeveral 
lucid rings decreaſes all the way from the cen- 
ter to the circumference, and conſequently 
that the outer lucid rings are leſs luminous 
than the inner ones. 

Therefore the middle part of the image of 
a ſtar will be the ſtrongeſt, and conſequent- 
ly may be viſible when ſurrounded with ſuch 
a light as effaces the weaker appearance ot 
the outermoſt lucid rings. 

Stars ap- For this reaſon ſtars muſt appear ſmaller 
pear ſmal- while day-light continues, than they do at 
ict by night. For the day-light effacing their outer 
day licht. Jucid rings, derives them of their crines ſeu 
fulgores adſcititii, as Galileo calls them, 
or the radii adventitii as they are termed by 

Mr. Horrox. * 

So likewiſe a ſtar appearing within the 
Moon's edge, muſt have the outer part of its 
image effaced by the ſtronger light of the 
Moon, and conſequently the ſtar thus leſſened 
may appear at ſome diſtance within the limb, 
as was obſerved by Monſ. De la Hire, Art. 69. 

Why ſtars 221. If by Art. 213, the middle part of 
twinkle, the image of a ſtar be changed from light 
to dark, and the adjacent ring be at the 

. fame time changed from dark to light, as 

- muſt happen from the leaſt motion of che eye 

towards or from the ſtar, this will occaſion ſuch 

arr appearance as we call the ſcintillation or 
twinkling of the ſtars. 


Nuntius Siderens, pag. 23. 


222. And if the axis of the do not 
continue directly and ſteddily N at the 2 ww 
ſtar, but have the leaſt nutation to the right 
or left, or upwards or downwards, this will 
diſturb the uniform appearance, by cauſing 
the light to project out from the lucid rings 
into the darſt rings, whereby the continuity 
of the rings will be broken. - And if theſe 
nutations to different parts do ſwiftly ſucceed 
one another, this will make the light ſeem ro 
project out different ways at the ſame time, 
that is, it will occaſion what we call the ra- 
diation of a ſtar, 

223. In our former articles about the fixed 
ſtars from Art. Vx to 69, a correction is to 
be made by leſſening the faint falſe image, 
probably about one half, or ar leaft one third 
for moſt eyes; excepting only the caſe where 
two ſtars are near enough for part of their 
faint falſe images to coincide: for there, an 
outer lucid ring of one ſtar, tho* too weak. 
to affect the eye ſingly, yet by coinciding 
with the oppoſite lucid ring of the other ſtar, 
may become ſtrong enough to be perceived. 

224. When light paſſes out of one tranſ- Propor- 


parent medium into another of a different re- tion of re- 


fraction, and the rays are partly tran/mitted fra cted 


and partly reflected back at the ſurface of the and reflee- 


ſecond medium; at incidences near the per- 3 
pendicular the quantity of the tranſmitted rays perpen- 
will much exceed the quantity of reflected ones. diouhar. 
Upon a table I placed two candles of e 
qual height and burning with equal bright- 
neſs, at equal diſtances from a ſheet of white 
paper: and ſet a book upright between one 
of the candles and the paper, in ſuch manner 
as to cut off the light of that candle from 
one half of the paper, while the other half 
was illuminated by both candles. By this 
means one half of the paper was nearly twice as 
luminous as the other half. Then I took a 
fat, thin piece of clear glaſs, and held it in 
ſuch manner, as to look perpendicularly thro? 
it at the more luminous half of the paper 
with one eye, the other being ſhut, and to 
ſee the darker balf of the paper with the ſame 
eye beſide the glaſs. In doing thus, I ob- 
ſerved that the more luminous half 71 the 
r, ſeen perpendicularly thro the glaſs, ap- 
=I 8 brighter hs the other half of 
the paper ſeen with the bare eye on the fide 
of the glaſs. Conſequently leſs than half the 


d Venus in ſole viſa, 
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light was reflected back from the two ſur- 
faces of the glaſs, and more than half was 
tranſmitted thro? thoſe two ſurfaces to the eye. 

Taking then ſuch another piece of glaſs, I 
held ir parallel to the firſt piece, ſo as to look 
thro? them both at the more luminous half 
of the paper, which ſtill appeared conſiderably 
whiter than the other half of the paper ſeen 
with the bare eye beſide the glaſſes; ſo that 
leſs than half the light was reflected back 
from the two glaſſes. 

In looking thro? three ſuch glaſſes in the 
fame manner, the more — half of K 
paper had now fomething of a greeniſh c 
the glaſſes not being of a perfect clearnels ; 
but ſtill that half a full as light, if not 

ighter, than the other half of the paper ſeen 
with the bare eye beſide the glaſſes. Conle- 
quently not more than half the light was re- 
flected back from the three glaſſes put toge- 
ther. 

Now if we ſuppoſe a certain part of 
the incident light to be reflected back from 
the firſt ſurface of the firſt glaſs, and the re- 
mainder of the light to be tranſmitted thro? 
that firſt ſurface and to fall upon the ſecond 
ſurface; and a proportionable part of that re- 
maining light to be reflected back at the ſe- 
cond ſurface, and the reſt to be tranſmitted 
to the firſt ſurface of the ſecond glaſs; and 
a proportionable part of the remaining light 


to be reflected back at its incidence upon 


that ſurface, and upon every one of the three 
following ſurfaces of the glaſſes; and one 


half of the whole light to be reflected back 


from the ſix ſurfaces put together, and the 
remaining half to be tranſmitted thro? the 
laſt ſurface to the eye: Then calling the whole 
light 1, and the part reflected back at the firſt 
/2—1 

ſurface, x,we ſhall have x , 1091, 
that is, about +3 of the incident light is re- 
flected back at the firſt ſurface, and about 
#2- is tranſmitted thro? that ſurface. 


At oblique 225. As the incident rays deviate more 


inciden- 
(CCS. 


and more from the perpendicular, the pro- 
portion between the quantity of reflected 
rays and the quantity of rays tranſmitred will 
incr2aſe more and more: but leſs than half 
the quantity of the incident rays will be re- 
f:&ed, and more than half will be tranſmit- 
and thro? ſubſtances tolerably clear, unleſs the 
angle of incidence be very great. 
3 
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In the experiment of the laſt article, if 
the ſingle glaſs, inſtead of being perpendi- 
cular to the axis of the eye, be 
more and more inclined to that axis, the 
brighter half of the paper ſeen thro” the glaſs 
will gradually appear leſs and leſs lumi 
and will more and more approach to the 
ſame of whiteneſs with the other half 
of the paper, which is illuminated with one 
candle only and viewed with the bare eye. 
And at ſome certain degree of obliquity the 
one half of the paper ſeen thro' the glaſs, and 
the other half of the paper ſeen with the bare 
eye will appear equally luminous: But even 
then only about of the incident light is 
reflected back from the firſt ſurface, x being 


equal to = and about +++ b reflected 


back from the ſecond ſurface. And this, I 
think, does not happen, till the angle of in- 
cidence is about 70 or 80 degrees. 

By this article the lucid parts near the cen- 
ter in Fig. 59, 61, 62, will bear a greater 
proportion to their contiguous dark parts, 
than the lucid parts near the circumference 
to the dark parts contiguous to them. 


226. Here it may be of uſe, not only for Obſcry: ti. 
the better underſtanding of what is to follow, ons on the 


bur for the fuller comprehenſion of this cu- 


Fits of 


rious doctrine of the Fits of eaſy refrackion caſy re- 


and eaſy reflexion, to lay down two or three 
obſervations, which though not explicitely 
delivered by Sir Isaac NEwToON, yet may 
eaſily be deduced from his Theory, eſpecially 
when compared with the two preceding ar- 
ticles. 

1. When a ray of light is ſaid to be in the 
Fit of eaſy refraction, it is not meant, that 
the ray muſt neceſſarily be tranſmitted thro” 
every pellucid medium whatſoever, and at 
any whatſoever obliquity of incidence upon 
the ſurface of that medium; but only that 
the ray is more eaſily tranſmitted, and more 
difficulty reflected, when in that Fir, than 
when it is in the Fit of eaſy reflexion. And 
when a ray is ſaid to be in the Fit of eaſy 
reflexion, it is not meant, that the ray muſt 
neceſſarily be reflected back from every pel- 
lucid medium whatſoever, and at any what- 
ſoever obliquity of incidence upon the ſur- 
face of that medium; but only chat the ray 
is more eaſily reflected, and more difficulty 
tranſmitted, when in that Fir, than in the 

Fit 


raction 


and re- 


flexion. 
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f eaſy vefrackion. For this reaſon theſe 
223 abſolutely, Fits of re- 
fraction, and Fits of reflexion, but Fits of 
eaſy refraction, and Fits of eaſy reflexion. 
2. During the time, or during the part of 
the progreſs of a ray of light, that the ray is 
in the Fit of eaſy refraction, or in the Fit of 
eaſy reflexion, it is not conſtantly in juſt the 
fame diſpoſition to be refracted, or to be re- 
fleted : But there is one inſtant of time, or 
one point in the progreſs of the ray, at which 
it is in the middle of the Fir of eaſy refrac- 
tion, and is then the moſt diſpoſed to be re- 
fracted, and the leaſt diſpoſed to be reflected; 
and from that inſtant, or that point, it be- 
comes gradually leſs diſpoſed to be refracted, 
and more diſpoſed to be reflected, till another 
inſtant, or point, at which the ray is in the 
middle of the Fit of eaſy reflexion, and is then 
the leaſt diſpoſed to be refracted, and the 
moſt diſpoſed to be reflected; and from this 
ſecond inſtant, or point, it becomes gradu- 
ally more diſpoſed to be refracted, and leſs 
difpoſed to be reflected, till it arrives at a 
third inſtant, or point, like the firſt, when 
the ray is again in the middle of the Fit 
eaſy refraction, or is the moſt diſpoſed to be 
refracted, and the leaſt diſpoſed to be re- 
flected. | 

To explain this, let the right line AA AA, 
Fig. 63, repreſent part of the progreſs of a 
ray of light, in which line ſeveral points as 
A, A, A, A, are taken at equal diſtances from 
each other, and other points E, E, E, are ta- 
ken at equal diſtances from each other, and 
from the points A, A, A, A; and let us ſup- 
poſe that in every one of the points A, A, A, A, 
the ray is moſt ſtrongly diſpoſed to be re- 
fracted, and in every one of the points E, E, E, 
it is moſt ſtrongly diſpoſed to be reflected; 
that is, in each point A let the ray be in 
the middle of the Fir of 4) refraction, and 
in each point E let it be in the middle of 
the Fit of eaſy reflexion. 

Then will the diſtance AA repreſent the 
interval between the middle points of two 
ſubſequent Firs of eaſy refraction, E E the in- 
terval between the middle points of two ſub- 
ſequent Fits of eaſy reflexion, and AE the in- 
terval between the middle point of a Fit of 
eaſy refrafion and the middle point of the 
fi Fit of eaſy reflexion. 

And the diſpoſition of the ray to be refrac- 
ted, being ſtrongeſt in the middle of the Fit 

N 
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eaſy refraction, or in the point A, and 
22 * point E, will by degrees di- 
miniſh all the way from A to E; and will 
again by the ſame degrees increaſe all the way 
from E to A. And the diſpoſition of the 
ray to be reflected, being ſtrongeſt in the 
middle of the Fit of eaſy 2 or in the 
point E, and weakeſt in the point 4, will 
gradually diminiſh all the way from E to A, 
and will again gradually increaſe all the way 
from A to E. 

3. Thos port op rogreſs, in wy a 
ray is in the Fit of eaſy refraction, is 
2 ſhorter, as the b d falls — 42 
a leſs or greater refractive power, and its ſur- 
face is leſs or more obliquely ſituated with 
regard to the progreſs of the ray: And that 
part of the progreſs, in which the ray is in 
the Fit of egſy reflexion, is longer or ſhorter, 
as the medium the ray falls upon, has a greater 
or leſs refractive power, and its ſurface is 
more or leſs obliquely fituated with regard to 
the progreſs of the ray. 

In every interval AE let a point be taken 
as a, ſo that the ray falling upon a medium 


of a given refracting power, and with a given 


obliquity, in the point a, ſhall be tranſmitted 
thro? that medium; but would have been re- 
flected back, had it fallen upon the medium 
in any point between 4 and E. Then will 
the ray be in the Fit of eaſy refraction with 
regard to that medium and that obliquity of 
incidence, throughout the ſpace à 4 4; and 
will be in the Fit of eaſy reflexion throughout the 
ſpace 4 E a; ſo that the beginning of the. Fiz 
of eaſy refraction will happen in a, the mid- 
dle in A, and the end in the ſubſequent 4; 
and the beginning of the Fit of eaſy reflexion 
will happen in this laſt point a, the mid- 
dle in E, and the end in the following point 
a or the m— AE will ** — in 
the point 4, that throughout the ſpace As 

the Ln will be in the Fit of eaſy refradion, 

and throughout the ſpace 4 E it will be in 

the Fit of eaſy reflexiow. 

But if the refracting power of the medium 
be leſſened, or if its obliquity to * 
of the rays be leſſened, the ray will be re- 
fracted, tho it meet the ſurface of the me- 
dium _ * * 5 
the point 4, at which the Fit of eaſy refrac- 
tion — and the Fit of eaſy reflexion begins, 
muſt be removed nearer to E, that is, As 
will be * will be ſhorter, or 
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4 Aa the part of the progreſs, in which the 
ray is in the Fiz of eaſy refradtion, will be 
longer, and 4E a the part of the progreſs, in 
which the ray is in the Fit of eaſy reflexion, 
will be ſhorter. 

And juſt the contrary will happen, if the 
refracting power of the medium, or its obli- 
quity to the progreſs of the rays be increaſed, 
the point 4 then being removed nearer to 
A, whereby Ae or a Az is made ſhorter, 
and 2 E or aEa is made longer. 

227. If parallel rays, moving with an uni- 
form velocity, fall upon a plane ſurface of a 
aver e medium with ſuch obliquiry, that 
one of the rays are tranſmitted thro” that 
ſurface, and the other half are reflected back, 
every ray muſt be in the Fit of eaſy refracti- 
on thro* one half of its progreſs, and in the 
Fit of eaſy reflexion thro? the other half of its 


Fn For, ſince by the ſuppoſition the rays move 
with an uniform velocity, there muſt be as 
many rays in any one point of their reſpective 
intervals AE een the Fits of eaſy re- 
frattion and reflexion, as in any other point 
of the fame intervals. Conſequently, the 
number of rays in the ſpace 4a muſt be to 
the number of rays in the ſpace aE, as Aa 
to 2E. But ſince half the rays are refracted 
and half reflected, the number of rays in the 
ſpace Aa is equal to the number of rays in 
the ſpace a E: therefore A is equal to 2E, 
that is, the rays are in the Fit of eaſy refraction 
through one half of their progreſs, and in the 
Fit of eaſy reſlexion through the other half of 
their progrels. 

228. But if the obliquity of the plane ſur- 
face be ſo much leſſened, as that three fourths 
of the incident rays are now tranſmitted thro? 
it, and only one quarter of them reflected, 
then every ray muſt be in the Fit of eaſy re- 
fraction, with regard to this obliquity of the 
plane ſurface, through three fourths of its 
progreſs, and in the Fit of eaſy reflexion 
through one quarter of its progreſs. That 
is, the interval AE, between the two points 


of eaſieſt refraction and eaſieſt reflexion, 


muſt be fo divided in a, that Aa may be 
three fourths of that interval, and à E one 
fourth. 

229. And in general, if the interval AE 
repreſent the whole quantity of the incident 


® Opticks Book II. Part III. Prop. I. 


b Thid. Prop. X. 
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light, A the quantity of the refracted light, 
and à E the quantity of reflected light; 4a 
will be that part of the interval, in which 
every ray is in the Fit of eaſy refraction; and 
4 E that part of the interval, in which every 
ray is in the Fit of eaſy reflexion. 


In theſe three articles we have ſuppoſed | 


the rays of light to move with an uniform 
velocity : but if they move more ſwiftly when 
in the Fit of eaſy refraction, and more ſlowly 
when in the Fiz of eaſy reflexion, as Sir IsAac 
NEwrToON ſeems to have thought; we muſt 
then imagine the line AAAA, inſtead of the 
progreſs of a ray of light, to repreſent the 
time of that eſs, A the inſtant of time 
when the ray is moſt ſtrongly diſpoſed to be 
refracted, E the inſtant when it is moſt ſtrong- 
ly diſpoſed to be reflected, AE the interval 
of time between thoſe two inſtants, and 4 
the inſtant when the ray paſſes out of the 
Fit of eaſy refraction into the Fit of eaſ) 
ES conſequences will 2 juſt 
the ſame. . 

230. It follows from the preceding arti- 
cle, jointly with art.. 224, that, in the caſe 
of perpendicular, or nearly perpendicular in- 
cidence of light from air upon glaſs, or from 
glaſs upon air, a ray of light is in the Fit of 
eaſy refraction thro? 554 of the interval AE, 
and in the Fit of eaſy reflexion thro no more 
than +> of that interval. 

231. If two mediums differ leſs in their 
refractive power than air and glaſs, a ray of 
light, in paſſing out of one of thoſe mediums 
into the other almoſt perpendicularly, will 
be in the Fit of eaſy refraction more than ++ 
of the interval AE, and in the Fit of eaſy 
reflexion leſs than +55 of that interval. 

232. Sir Isaac NEWTON has * obferyed, 
that thoſe ſurfaces of tranſparent bodies re- 


flect the greateſt quantity of light, which have 


the greateſt refracting power: And till this 
matter ſhall be more accurately ſettled b 
experiment, it may probably be . 
that the quantity of light reflected back at 
the ſurface of any tranſparent body is pro- 
portional to the refracting power of that bo- 
dy, or to the ſquare of B R. 

233. Hence we may infer, that the ſquare 
of BR, or the refracting power of glaſs be- 
ing to that of water, as 1, 4450 to 0,7845, 
and the quantity of light reflected backat aper- 
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pendicular incidence upon glaſs being o 1ogr 
the quantity of light reflected back at a per- 
pendicular incidence upon water will be 


0,0592, or nearly 1 of the incident light. 
Conſequently, a ray of light falling perpen- 
dicularly from air upon water, or from water 

air, will be in the Fit of eaſy reflexion 
thro only 5 of the interval AE, Fig. 63, 
and in the Fit of eaſy refraction thro 755 of 
that interval. 

234. Likewiſe, the refraction of the aque- 
ous humour of the eye, or of the cornea, 
being that of 27 to 20, by art. 110, and con- 
ſequently its · refracting power, or the ſquare 
of BR being 0,8225, the quantity of light 
refleted back at a perpendicular incidence 
upon the cornea wiil be 0,064. of the incident 


light. 

235. Alſo, the refraction out of the aqueous 
humour into the cryſtalline being that of 
13 to 12, by art. 111, and conſequently the 


refracting power of the cryſtalline humour 


in this caſe being o, 1736, the quantity of 
light reflected at a perpendicular incidence 
from the aqueous humour upon the cryſtal- 
line will be o, 135 of the incident light. 
And the ſame proportion of the incident light 
will be reflected at the hinder ſurface of the 
cryſtalline, the refraction out of that humour 
into the vitreous being the ſame as that out 
of the aqueous humour into the cryſtalline. 
236. Hence it follows, that if the ſurface 
of the cornea and the two ſurfaces of the 
cryſtalline were not ſpherical, but plane, like 
the piece of glaſs uſed in the preceding ex- 
periment, then in looking directly at any ob- 
ject, $4; parts of the incident light would 
be reflected back at the cornea, and the re- 
mainder would be tranſmitted to the anterior 
ſurface of the cryſtalline; and of this re- 


mainder 72+ parts would be reflected back 


at that firſt ſurface, and the remaining light 
would be tranſmitted to the ſecond ſurface; 
where again = parts of the remaining 
light would be reflected back, and the reſi- 
duum would be tranſmitted to the retina. 
So that if the whole light incident upon the 


cornea be called 1, the quantity reflected 


back at the three ſurfaces put together would 
be 0,0891, or Ir part nearly, and the quan- 
tity tranſmitted to the retina would be 
©,9109, or about ++. 


4 Art. 224. 


But as theſe three ſurfaces are not plane, 
but ſpherical, on which account the greateſt 
part of the incident rays will fall upon them 
with ſome what greater obliquity, and conſe- 
quently a part ſomewhat greater will be re- 
flected, we ſhall not be far from the truth, 
if we ſuppoſe ¶ part to be reflected back at all 


the three ſurfaces put together, and 2+ to be 
tranſmitted to the retina. 


237. From the preceding article jointly How 
with art. 210, we may probably colle&, that much 
in looking at an object between the limits light loſt 
of Ferfect Viſion, it appears leſs luminous in viſion 
by about ++ part, than it would do were all by thoſe 
the light incident upon the cornea tranſmit- firs, 


ted to the retina. 

238. And much the fame thing happens 
in looking at a broad object, although too 
near or too far off for Perfect Viſion. For 
then every pencil will likewiſe loſe ¶ part 
of its light by the three. reflexions above- 
mentioned, and the remaining of the light 
will be ſcattered into the circle of — : 
But every pencil within the falſe image, art. 
18, 72, will receive as much light from the 
adjoining pencils, as it beſtows upon them 
by this diſſipation. Therefore the center of 
every pencil, or, every point of the falſe 
image of the object upon the retiua, will have 
juſt as much light thrown upon it, as if the 
object had been ſeen by Perfect Viſion, that 
is, g of the whole incident light. 


239. A lucid phyſical line upon a dark Appear. 
ound, when much too near, or much too ance of a 
far off for Diſtin& Viſion, will appear ſome- lucid phy- 

times as three, ſometimes as five, ſeven, or ſical line 


more lucid parallel lines, with two, four, fix, 
or more dark parallel lines between them. 

For a lucid point, when indiſtinctly ſeen, 
will by art. 211, 212, 213, exhibit the ap- 
pearance of a circle ſurrounded with dark and 
lucid rings alternately, and this muſt happen 
to every phyſical point in the lucid line. 

Let therefore Aa A, Fig 64, be a lucid 
phyſical line, a ſome point in that line from 
which a pencil of rays flows to the cornea. 
And let a portion of rays in the middle of 
this pencil be in the Fit of eaſy refration at 
their incidence upon the cornea, and be there- 
by tranſmitted to the anterior ſurface of the 


cryſtalline; where let them again be in the 


Fit of eaſy refrattion, and be thereby tranſmit- 
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ted to the hinder ſurface of the . 
And at that hinder ſurface let the ſame middle 
portion of rays be again in the Fit of eaſy 
refraction, and let the middlemoſt ray of this 
portion, As, Fig. 58, be preciſely in the 
middle of the Fir, or in one of the points 
A, Fig. 63; and let the outermoſt ray, as 
Ab, or AB, Fig. 58, be at the end of the 
Fit, or in one of the points a, Fig. 63; and 
let this portion of rays be thereby tranſmit- 
ted to the rerina, and form thereon the lu- 
cid circle 266, Fig. 64. And let this lucid 
circle be ſurrounded, by art. 211, 212, with 
a dark ring, bc y8, and this again with the 
lucid ring cd, as repreſented in figure 
64; and through the points 5, c, d. s, 7, d, draw 
the lines BB, CcC, &c. parallel to the 
line Aa A. . 

Then ſay, inſtead of the one lucid line 4a. A, 
will appear three lucid lines BBBB, CDDC, 
and AAT, ſeparated from one another by 
the darkiſh lines BCCB, and BTB. 

For if alike middle portion of rays, in e- 
very pencil flowing from the lucid line AaA, 
be ſuppoſed to be in the Fiz of eaſy re- 
fraction at their incidence upon the cornea, 
and upon the anterior and hinder ſurface of 
the cryſtalline, and at this laſt ſurface the 
middlemoſt ray be preciſely in the middle of 
the Fit, and the outermoſt rays in the end 
of the Fit, ſo as that every point in the line 
Aa A may form an image upon the retina 
exactly like that of the point @; then the 
lines Bb B, B&B, muſt be tangents to all 
the lucid circles formed by thoſe points: Al- 
ſo, the lines BSB, CcC, on the one hand, 
and B&B, Tyr, on the other, muſt be tan- 
gents to the firſt dark ring formed by each 
of thoſe points; and the lines CcC, DdD on 
the one hand, and Tyr, 434 on the 
other, 'muſt be tangents to the firſt lucid ring 

by every one of thoſe points. 

From which it follows, that, as the ſpace 
16116 1, which is cut off from the image 
of the point a, by the tangents B, BS B, 
has more light in proportion to its magni- 
tude, than the ſpace 161 2c2, which is cut 
off from the ſame image by the tangents 
BB, CcC,; the whole ſpace compriſed be- 
tween the tangents BbB, Be B, will be 
more luminous than the whole ſpace com- 
priſed between the tangents B&B, CcC, that 


&, the whole ſpace BS BBE will appear 
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as a lucid line, and the whole ſpace B Beec 
will appear as a dark line. 

In like manner it will be found that the 
ſpaces Cc DAD, TTA, ought to ap- 
pear as lucid lines; and the ſpace B8Bryr 
muſt appear as a dark line. | 

In this caſe therefore, inſtead of one phy- 
ſical Jucid line 4 4 , we ſhall have the ap- 
pearance of three lucid lines ſeparated by dark 
lines parallel to them; and if the lgiht of the 
point @ be ſtrong enough to form more lu- 
cid rings than are here repreſented, and the 
breadth of thoſe lucid rings be not too little 
to be perceived, art. 174, we-may have the 
appearance of 5, 7, or more lucid lines ſepa- 
rated by parallel dark lines. 

240, But when the. lucid line Aa4 is of 
any conſiderable length, it is not poſſible that 
in every pencil iſſuing from that line, things 
can hap exactly as we have ſuppoſed. 
Although a middle portion of rays in every 
pencil were to be tranſmitted through every 
one of the three ſurfaces abovementioncd to 
the retina, and were to form thereon a lucid 
Circle like abp; yet the middlemoſt ray can- 
not in every pencil be preciſely in the mid- 
dle of the Fit of eaſy refraction, at its incidence 
upon the hinder ſurface of the cryſtalline. 
In ſome pencils the middlemoſt ray will not 
be come to the middle of the Fit, in others 
it will be paſt the middle of the Fit, at its in- 
cidence upon that ſurface. 

Alſo, this middle portion of rays, which 
we have ſuppoſed to be wholly tranſmitted 
thro' each of the three refracting ſurfaces, 
and thereby to form on the retina the lucid 
circle ab 8, cannot in every pencil be ſo tranſ- 
mitted. In ſome pencils a part of the mid- 
dle portion of rays muſt neceſſarily be in the 
Fit of eaſy reflexion, at its incidence upon one 
or other of thoſe ſurfaces, and conſequently 
cannot be tranſmitted to the retina. 

We are therefore to conſider what alterati- 
ons in the phenomenon will ariſe from thefe 
changes in our ſuppoſitions. 

241. In — where the middle 
portion of rays is wholly tranſmitted to the 
retina, but the middlemoſt ray is not yet ar- 
rived to the middle of the Fit of eaſy refraction, 
at its incidence upon the hinder ſurface of the 


cryſtalline, it is manifeſt that the luminous 


circle 268, will be inlarged and will ſwell 


farther outwards, and the dark and luminous 
| b rings, 


rings, wich the dark and luminous 
lines ariſing from them, will by this means be 
alſo carried farther outwards. 

And in thoſe pencils where, at the time of 
this incidence, the middlemoſt ray is 
the middle of the Fit of eaſy refraction, the 
luminous circle #48 will be leſſened, and by 
this means the dark and luminous rings ſur- 
rounding it, and the dark and luminous lines 
arifing from thoſe rings, will be drawn far- 
ther inwards. 

But as the number of pencils in the one 
caſe muſt be equal to the number of pencils 
in the other, theſe two contrary effects will 
very nearly balance each orher, and conſe- 
quently the phenomenon will thereby under- 
go very little alteration, except only that the 
edges of the luminous and dark lines, where 
they entrench upon each other, will thereby 
be rendred ſomewhat leſs diſtinct than they 
would otherwiſe appear. 

242. We come next to conſider thoſe 
pencils, where the middle portion of the 
rays, which we haye ſuppoſed to form the 
luminous circle 268, are not wholly tranſ- 
mitted to the retina; but ſome part of them, 
being in the Fit of eaſy reflexion at their in- 
cidence upon one or other of the three ſur- 
faces abovementioned, are reflected back and 
never arrive at the retina. 

And here we are to remember that, by 
art. 236, hardly more than 1 part of this 
middle portion of rays, taking all the pencils 
one with another, can be reflected back by 
the three ſurfaces put together. 


Now in ſuch pencils, where this tenth: 


part of the rays of the middle portion, were 
it not reflected back, muſt have fallen upon 
the middle part of the luminous circle, there 
muſt be a ſmall dark ſpot in the middle of 
the image, as 4, Fig. 65; and the luminous 
circle will by this means be changed into a 
luminous ring, 58, whoſe breadth will be 
nearly equal to the radius of the luminous 
circle in Fig. 64. Conſequently, this lumi- 
nous ring, and the luminous line BB BB, 
will extend farther outwards than in Fig. 64; 
and the dark and lucid rings, bc, cd, and 
the dark and lucid lines ariſing from thoſe 
rings will alſo be carried farther outwards, and 
will be rendred ſomewhat narrower. 

And in ſuch pencils, where this tenth part 
of the rays of the middle portion, were it 
not reflected back, muſt have fallen upon the 
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outer part of the luminous circle, that circle 
and the luminous line BBB B will thereby 
be leſſened, and the dark and lucid ring ſur- 
rounding it, and the dark and lucid lines a- 
riſing from thoſe rings, will be removed far- 
ther inwards, and will be rendred ſomething 
broader, as in Fig. 66. 

But as the number of pencils in one of 
theſe caſes muſt be nearly equal to the num- 
ber of pencils in the other; and the effect 
of the one is contrary to that of the other; 
the change in the phenomenon will be little 
more, than to cauſe ſome farther indiſtinct- 
neſs in the edges of the luminous and dark lines. 

243. In ſuch pencils where this tenth part 
of the middle portion of the rays is not all 
contiguous, but is divided into three or more 
disjoined parcels, which, had they not been 
reflected back at the three ſurfaces, muſt have 
fallen upon ſeparate ſpaces in the luminous 
circle, it is manifeſt, that the change in the 
phænomenon will be till leſs than in the two 
preceding articles, only the luminous circ 
and the lucid line arifing from it, will be 
rendred ſomething leſs luminous. And the 
dark ring, and the dark lines ariſing from it, 
will be rendred 8 dark, in caſe 
the rays that tend thereto, be not all reflected, 
but ſome parts of them be tranſmitted. 

244. This would be the caſe of a lucid 
22 line, ſuch as one might imagine to 

compoſed by a great number of ſtars diſ- 
poſed in a right line and contiguous to each 
other. The middle line would be always lu- 
minous, ſo that the number of lucid lines 
would always be odd, and the number of dark 
lines between them would always be even. 


245. A lucid line upon a dark ground, of Appear- 
a ſmall ſenſible breadth, but whoſe true image ance of a 
upon the retina is not ſo broad as the circle narrow 

diſſipation, when too near, or too far off lucid line 


or Diſtinct Viſion, will ſometimes appear as b 


lucid parallel lines, with dark parallel lines 
berween them. 

Let , Fig. 67, be a point in the middle 
of the breadth of the lucid line, and let e and 
i be the two extreme points in the breadth 
of the fame line, and let the axis of the eye 
be directed to the point 4. 

Then will the axis of the pencil of rays 
flowing from the point a, be perpendicular 
to the cornea and to both ſurfaces of the 
cryſtalline humour, and the image of that 

- Point 


two, ſometimes as three, four, five or more _ The 


ther ap- 
pearances 
by indi- 
ſtinct Vi- 
ſion. 
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point upon the retina will be agreeable to 
what is repreſented in Eig. 59, 61, or 62: 
And the phyſical line, which runs thro” the 
middle of the lucid line, and paſſes rhro' the 

int a, will form an image upon the retina 
fe that repreſented in Fig. 64. 

But the axis of the pencil of rays flowing 
from the point e, will fall obliquely upon 
the cornea, and upon both ſurfaces of the 
cryſtalline humour. Conſequently, not on- 
ly the center of the image of the point e will 
fall upon a different part of the retina from 
the center of the image of the point a, and 
within the circle of diſſipation of the point 4 
but the image of the point e will not be ſimilar 
ro the image of the point a, ſo that ſome 
lucid parts of one will fall upon ſome dark 

of the other, and on the contrary. 
And if a phyſical line be conceived to pals 
thro* e, parallel to the phyſical a which 
paſſes thro* a, ſome lucid of the image 
of one phyſical line will "I hots ſome dark 

of the image of the other. And what 
we have ſaid of the image of the phyſical line 
paſſing thro'e, will be likewiſe true of the image 
of the phyſical line paſſing thro? the point i. 

And accordingly as the breadth of the lu- 
cid line is greater or leſs, or theſe two points 
e and i are more or leſs diſtant from the 
point 4, the dark lines of the images of the 


phyſical lines paſſing thro? thoſe points, may 


either coincide in the middle of the retina, 
in which caſe there will appear a dark line 
in the middle of the image: Or, they may 
be contiguous only, or elſe leave a ſenſible 
ſpace between them, in either of which caſes 
a lucid line will appear in the middle. 

And as the ſame reaſoning will extend to 


the other points on the inſide of e and i, it 


is manifeſt, that the appearance of the whole 


lucid line may conſiſt of more or fewer, nar- 
rower or broader, lucid and dark lines, as in 
art. 203, 204, with infinite variety. 

246. From the ſame cauſe, and by a like way 
of reaſoning it will follow, that when a broad 


lucid ſurface, as BB C, Fig. 68, is contiguous 


to a broad dark ſurface as BB dd, and is ſeen 
by indiſtinct viſion, the lucid ſurface will ap- 
pear bordered with a dark line as BBT T, and 
that again with a lucid line beyond it; and 
ſometimes there will be two or more of theſe 
dark and lucid lines alternately, as was related 
in art. 205. 
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247. Or the broad dark ſufface. B B 4d 
contiguous to a broad lucid ſurface BB bb, 
when ſeen by indiſtin& viſion, will appear 
narrower than when ſeen by Diſtin# Viſor 
that is, from BBdd it will be reduced to 
A A da, and the line AA will be the apparent 
edge of the dark ſurface, which will be bor- 
dered with the lucid line AA r, and that 
again with the dark line IT BB, and ſome- 
times there will appear two or more of theſe 
lucid and dark lines alternately, as in art. 206. 

248. From which it may eaſily be con- 

ceived, that when the dark ſurface is very 
narrow, as A, Fig. 69, it may appear divided 
into two dark lines with a lucid line between 
them, as B; or as three dark lines with two 
lucid lines between ther, as C; or there may 
appear four, five, or more dark lines ſeparated 
by lucid lines, as was mentioned in art. 199, 
200, 201, 202. 
But in all theſe caſes it is to be obſerved, 
that viſion muſt not be a little only, but 
greatly indiſtinct, and that the light muſt 
neither be exceeding ſtrong, nor very weak. 
When the light is too ſtrong, the eye is too 
much dazzled to perceive the appearance 
plainly ; when too weak, the lucid lines be- 
PEPE IN are too faint to be diſ- 
cerned. 


249. If the account we have given of theſe Exper. 
appearances, from a cauſe that was before ments to 
known really to exift in nature, and which confirm 
we have ſhown to be ſufficient to produce the The. 
the phenomena above recited, ſhould ſeem or. 
to ſtand in need of any farther confirmation, 


it may receive a very ſtrong one from the 
following experiments. 

Let Aa, Fig. 70, be a lucid line formed 
by a narrow aperture of a parallel rule held 
too near the eye for Di/tin Viſion, and ſeen 
againſt the « ſkylight or againſt white paper 
ſtrongly illuminated; and let AA DD be the 
appearance of that lucid line conſiſting of 

ree luminous lines and two dark ones; and 
let A A E E and DDEE be the appearance 
of the two parts of the parallel rule itſelf. 
Alſo, let FFG G be a flat rule held near the 
eye, on the right hand ſide, and parallel to 
the edge of the parallel rule. 

Then if the flat rule FFG d be gradually 
moved tranſverſly, keeping always its parallel 
poſition, as its edge FF comes a- croſs the 
edge of the pupil, the apparent edge of the 
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rallel rule DD will advance to meet it, and 
will obliterate firſt the lucid line DDCC; 
amd as the edge of the flat rule advances by 
degrees farther and farther a-croſs the pupil, 
the ſame edge of the porallel rule DD will 
advance farther and farther/to meet it, ob- 
literating the dark line CC BB, then the lu- 
cid line BBB B,, then the other dark line 
BB er, and laſtly, part of the other lucid 
line ra, of which it will at laſt only leave 
ſo much as is equal in breadthto the lucid 
line Aa. 

250. And if the flat rule be thus moved 
reciprocally forwards and backwards a-croſs 
the pupil, the apparent edge of the parallel 
rule DD will likewiſe appear to move reci- 
procally forwards and backwards, either ad- 
vancing to meet the edge FF, or receding 
from ir, ſometimes obliterating the lucid and 
dark lines of the image, ſometimes ſuffering 
them to re- appear; and that half of the pa- 
rallel rule D PE E ſometimes appearing 
broader, ſometimes narrower. And juſt the 
reverſe will happen, if the flat rule be placed 
on the left ſide of the parallel rule, and be 
drawn the contrary way a- croſs the eye. 

251. Now this is preciſely what ought to 
happen from the theory above laid down. 

For, from art. 211, Fig. 58, 59, itis plain, 
that when an object is ſeen too near for the 
rays of each pencil to be united upon the 
retina, thoſe rays of every pencil, which fall 
on the right hand part of the cornea, muſt 
_ likewiſe fall on the right hand part of the re- 
tina, and conſequently muſt, from the known 
laws of viſion, conſtitute the left hand part 
of the appearance; and on the contrary. 

So that, when the edge of the rule, FF, 
is drawn a- croſs the cornea, it firſt intercepts 
thoſe rays of every pencil, which fall the 
moſt to the right upon the retina, and 
which conſtitute the part of the appearance 
the moſt to the left hand, that is, the lucid 
line DDCC, which being obliterated, the ap- 

ent edge of the parallel rule muſt now 

CC, inſtead of DD. 

And the edge FF, by moving farther along 
the cornea will intercept the parcel of rays 
from every pencil, which fall next on the 
right hand of the cornea and retina, and 
which conſtitute the dark line CC BB, dark 
in compariſon of the adjoining lucid lines, 
but more luminous by means of theſe ra 


than the ſides of the parallel rule. And this dark 
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line being obliterated, the apparent edge of 
the parallel rule will now be advanced from 
CC to BB. 

And after the ſame manner it is eaſy to 
conceive, that by the continued motion of 
the flat rule a-croſs the cornea, the luminous 
line BBBB, the dark line BBFr, and the 
greater part of the luminous line r F A a muſt 
likewiſe be obliterated. 

And at laſt, when the remaining aperture, 
or uncovered part of the cornea, is left v 
narrow, the edges of the parallel rule and the 
aperture between them muſt appear diſtin, 
Juſt as if they were ſeen thro' a narrow ſlit, 
or a pinhole in a card, and conſequently the 
lucid line muſt appear of its true and proper 
magnitude. 

252. If the parallel rule be placed at too 
great a diſtance for Diſtinct Viſion, then upon 
drawing the edge of the flat rule FF a- croſs 
the cornea, the right hand fide of the paral- 
lel rule will grow gradually broader, the edge 
AA ſeeming to advance the ſame way with 
FF, and thereby obliterating firſt the lucid 
line AATT, then the dark line B B, the 
lucid line BBBB, the dark line BBCC, and 
laſtly reducing the lucid line CCDD to the 
magnitude of the lucid line Aa, when the 
edges of the two ſides of the parallel rule 
will appear diſtin. This is eaſy to conceive 
from art. 212, and Fig. 60, 61. And juſt 
the reverſe of this will happen, if the flat 
rule be placed at firſt on the left fide, and 
be drawn the contrary way a-crols the eye. 

253. As in both theſe caſes, when the 
FF is reciprocally and quickly moved back- 
wards and forwards, the tremulous motion, 


art. 250, of the 7085 DD, or Aa, is v 
conſpicuous, this affords one means of diſ- 
covering when viſion is conſiderably indi- 
ſtinct, and thereby of fixing the limits of 
Perfect Viſion within ſome latitude. 

254. After the ſame manner, and for the 
fame reaſons, when the edge A A of a dark 
ſurface, Fig. 68, appears bordered with a lu- 
cid line, as Aar, and a dark line with- 
out that, as Ir BB, if the eye be too near, 
then upon placing the edge of a flat rule on the 
right hand, and drawing it a- croſs the cornea, 
the apparent edge 4 A will advance to meet 
the flat rule, and will thereby obliterate firſt 
the lucid line, and then the dark one, after 
which that edge will appear diſtin& in the 
line BB, contiguous „ 


\ 
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And if wa re be too far off, the flat rule 
muſt be placed on the left hand, and then 
upon drawing it the contrary way a- croſs the 
cornea, the edge 44 will advance along with 
it, obliterating firſt the lucid and then the 
dark line as before, till it arrives at the ſitua- 
tion BB, when the confines of the dark and 
lucid ſurface will appear diſtinct. 

255. Alſo, when a m_ dark object, P 
A, Fig. 69, appears double, as B, or treble 
as C, E 5 of the flat rule be moved 
a-croſs the cornea, parallel to the image, then 
if the eye be too near, the oppoſite dark line 
will feem to advance 4 the rule, ob- 
literating the lucid or lines in its wa 
till it comes into the ſame ſituation with 
the dark line neareſt the rule, when it will 
r as one only diſtinct line. | 

ut if the eye be too far off, the dark line 
neareſt to the rule will advance along with 
it, obliterating the lucid or dark lines in its 
way, till it comes into the ſituation of the 
fartheſt dark line, when it will appear diſtinct 
and as oneline only. 

256. By the fame means of coveri 
of the pupil with the 1 e, or 
wich the finger only held parallel to the ſide 
of a book, a perſon who needs ſpectacles, 
or another who is ſhort- ſighted, may read at 
ſuch a diſtance, that the book would other- 
wiſe. be wholly illegible by the ſpreading of 
the penumbra between the letters. For the 
* of the pupil being now leſſened, 

e circle of diſſipation, and the penumbræ a- 
riſing therefrom between the letters, will be 
leffened in the ſame proportion. And if the 
light be ſtrong enough to bear covering the 

part of the pupil, then the penumbræ 

ve and below the letters will likewiſe be 

conſiderably leſſened, which will render the 
book ſtill more eaſily legible. | 

257. A farther proof of the truth of the 
theory above delivered may be taken from 
the following experiment. | 

In looking at a lucid or dark line, which 
on account of its being too near, or too re- 
mote from the eye to be ſeen diſtinctly, ex- 
hibits the pbænomenom of Fig. 69, or 70, move 
E head gradually ſide ways to the right 

bo the _ that the rays from the ob- 
ject, whic upon the cornea, may v 
bak the length of theis paſſage and likewik, 
the obliquity of their incidence, and conſe- 
quently may vary their Fits of eaſy refraction 


/ 


= 
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„„ Fate Se 
Then you will ſee the lucid and dark lines 
of the image perpetually changing their pla- 
ces, their magnitude, and their ftrength, and 
ſeeming to roll over one another, as they 
ought to do by this theory. 


258. This ſubject has unexpectedly car-An ext, 
ried me out to ſo great a length, that I ſhould ordinary 
now think it high time to conclude, were *Ppear- 
it not proper to advertiſe the curious reader due. 


of an appearance, that in making theſe ex- 
periments may poſſibly miſlead him, as at 
firſt it did me. + 

In looking at the confines of a dark and a 
lucid ſurface ſeen by indiſtinct viſion, there 
will ſometimes appear on the border of the 
lucid ſurface, without the utmoſt dark line 
of the image, or to the right hand of BB, 
Fig. 68, a line of ſome breadth much more 
luminous than the reſt of the lucid ſurface, 
And on the border of the dark ſurface, within 
the utmoſt lucid line of the image, or to the 
left hand of 4&4, will appear a line of ſome 
breadth much darker than the reſt of that 

This I at firſt imagined 

is appearance I at firſt imagined to 

ceed from the-ſame cauſe, as the other = 
nomena recited in the preceding articles, name- 
ly the viciſſitude of the Fits of * refraction 
and eaſy reflexion in the rays of light; but 
finding no way of accounting fatisfactorily 
for it from that cauſe, I ſuſpected ſome mi- 
ſtake, and therefore applied myſelf to con- 
ſider that a ance more attentively, 


259. Upon white paper I drew a rectangle Not ow. 


as ABCD, Fig. 71 which with ink I made very 


ing to the 


black; then viewing it at too ſmall a diſtance Fits of e. 
for Diſtin& Viſion, I law it bordered on all ſides I ref. 


by two luminous and two dark lines alter- 
nately. But after looking attentively upon 
it for a little time, I perceived another lu- 
minous border without the utmoſt dark peri- 
meter 2 be d, which new border was much 
brighter than the reſt of the white paper. 
Now, upon turning my eye a little towards 
that part of the new luminous border, which 
lay without the dark-line cd, I found that 
border to increaſe in breadth, and to grow 
brighter than before. And in like manner, 
when I directed my eye to the new luminous 
border without the utmoſt dark line eb, or 


44, or cb, I found the reſpective luminous 


borders to increaſe in breadth and in the 
ſtrength of their light. = 


on and te. 
flexion. 


dit 
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white when immediately a luminous 

EIS deduce han rhe welt of the 
paper, and of the fame dimenſions nearly 
K was preſented to 
my eye, and conti for ſome time, after 
which it gradually vaniſhed. 


260. Thisoccafioned me torefletupon ſome 


like appearances I had met with before, either 
from my own obſervation, or the relatiqn 
of ſome of my acquaintance, and to judge 
that both the one and the other muſt proceed 
from a different cauſe than what I had hitherto 
ſuppoſed. But for farther confirmation, I put 
on a pair of ſpectacles, by means of which the 
black rectangle appeared very diſtinct, and 
free from the alternate lucid and dark edges 
that had appeared before. 

But after viewing the rectangle attentively 
for ſome time, ſuch a luminous border as is 
above deſcribed, brighter than the reſt of 
the paper, began to appear round it; and to 
which ſide ſoever of the rectangle I directed 
my eyes, the luminous border on that ſide 
appeared brighter and broader than before. 
Then turning my eyes quite away from the 
black rectangle to a diſtant part of the white 
paper, a bright rectangle, of the ſame ſize 
with the dark one, immediately appeared and 
continued for ſome time, after which it gra- 
dually vaniſhed away. 

261. I then drew two other black rectan- 
gles upon white paper, of the fame height 
and breadth, and to each other, with 
a narrow white ſpace between them, as re- 
preſented in Fig, 72. 

Then viewing them attentively for ſome 
time, till the bright luminous border began 
to appear, I ſuddenly transferred my eyes to 
a diſtant part of the white paper, where im- 
mediately I perceived the appearance of a dark 
{pace between two bright rectangles, of equal 
magnitude with the white ſpace and the two 
dark rectangles, reſpectively, in Fig. 72. 

And as this equally happened, whether the 
object was ſeen by indiſtin& viſion with the 
bare eyes, or by Diſtin& Viſion through the 
ſpectacles, it was now manifeſt, both from 
this and the experiment of the preceding ar- 
ticle, that this new appearance was no way 
owing to the inditin Knef of the ſight, or 
to the Fits of eaſy refraction and reſlexion, but 
do another cauſe, which the intelligent reader 
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may by this — e e 
more plainly appear w ve related the 
other obſervations of myſelf and friends, 
which I hinted at in art. 260. 
262. A perſon ſitting to be ſhaved againſt Other ap- 
a light ſaſh window, fixed his eyes intently pearances 
upon the window for ſome time, and after- of a like 
wards ſhutting them, he had now the ap» nature. 
ce of a window ſimilar to that he ſaw 
re: only the glaſs panes were dark, and 
the wood between them was luminous. 
263. Another fixed his eyes for ſome time 
upon the end of his pen black with ink, and 
held againſt white paper; and upon ſuddenly 
moving his pen, without ſtirring his eyes, 
he ſaw the appearance of a bright luminous 
end of a pen upon the ſame part of the pa- 
1 And ſince I was told of this appearance, 
have often made the ſame obſervation. 
264. In looking at the ſetting ſun, in a 
coach upon the road, when the light is not 
ſo ſtrong as much to offend the fight, if the 
eyes be ſuddenly directed to a diſtant part of 
the ſky, we have the appearance of one, two, 
three or more dark circles of about the fame 
fize with the ſun, upon different parts of the 


265. A perſon conſidering the reaſon of 
the vaſt length of the image of the ſetti 
ſun ſeen by reflexion from the Thames, look 
ſo long upon it, that when he took off his 
eye, every thing appeared to bim with a long 
dark beam upon it for above a quarter of an 
hour. 

266. Another, after looking too long at. 
the Sun eclipſed, ſaw a dark ſpot upon every 
thing for ſeveral months after. 7 
267. Theſe, and many more pbænomena of The gene- 
a like kind, ſeem to depend upon this prin- ral reaſon 
ciple, that when we have been for ſorne time of theſe 
affected with one ſenſation, as ſoon as we appear- 
ceaſe to be ſo affected, a contrary ſenſation ances. 
is apt to ariſe in us, ſometimes of itſelf, and 
ſometimes from ſuch cauſes, as at another time 
would not produce that ſenſation at all, or at 
leaſt not to the ſame degree. 

Every body knows, that the ſudden ceſſation 
of inrenſe pain after ſome continuance, is 
immediately followed with ſenſible pleaſure. 

In coming out of a ſtrong light, into a 
room with the window-ſhutters almoſt cloſed, 
we have immediately a ſenſation of darknels ; 
and this continues much longer than the pu- | 
pil a” dilate and accomodate * 
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that weak degree of light, which is almoſt 
ir if tanth ne. 120 108, 00 dc 4A 
But after ſtaying ſome time in a much 


darker place, the ſame room, which 
dark before, will be ſufficiently light. 
In coming out of a cold bath, the intenſe 


cold is immediately ſucceeded. by a glowi 
heat. But this, as well as the es — 
in art. 265, 266, is partly owing to other 
cauſes than the bare ceaſing of the contrary 
ſenſation. 1 | | 

If we drink à diſh of coffee, or thea, 
without ſugar, and afterwards taſte of another 
diſh with but little ſugar in it, this laſt will 
2 very ſweet. 

ut if we firſt eat any thing very ſweet, a diſh 

of coffee or thea moderately ſweetened, will 

taſte very bitter; and it were eaſy to bring a 
number of like examples. 

268. Bur ſuch a change of ſenſation is not 
always general, ſo as that the whole organ of 
one of our ſenſes is affected by it: it is 
oftentimes partial, ſo that from Fe 
ſame cauſe, one part of the organ undergoes 
LN the other part 
perceives no * 

For inſtance, the ſkin of our bodies, to 
ſpeak looſely, may be conſidered as the whole 

of feeling, with reſpect to the heat and 


cold of the air we are environed with, or of 


the water we may happen to be immerſed in: 
And the whole retinas may be conſidered as 
the organ of fight. 

But when we are in a moderate degree of 
warmth, a gentle, mild breeze of air may not 
affect our faces, which yet would ſtrike us 
with a ſenſe of chillneſs, if our naked bodies 
were expoſed to it. | 

And a tepid bath, as that of Buxton, may feel 
neither warm nor cold to our hands, and yet 
upon immerſion may feel cold to our bodies. 

269. And this wrong. not be 

ing, one not 

Lager. rang. er: but one part of the 
organ may be affected one way, while another 
„ way affected by the ſame 
cauſe, 

Thus the hand be in ſuch a temper, 
that upon dipping i into the bath of Buxton, 
the water ſhall feel warm: but upon immerſion 
* body, the ſame water ſhall feel 

And the air will ſometimes feel warm to our 
faces, that would feel cold to our naked bodies. 


appear in the ſame place as the bright one 
had done before. And if a very bright i 
had, by the jolting of a coach, been transfer. 
red to ſeveral of the retius in a ſhort 
ſpace of time, ſeveral dark images ought after- 
wards to appear, one for every one of thoſe 
of the retiua. 
271. And thoſe of the retina, that 
have been for ſome time taken up with a 


been in the dark, __ Og 
now, as 


ſoon as that inequality ceaſes, be affected 
with the contrary ſenſation; and this will cauſe 
the appearance of the bright images, ſimilar 
and equal to the dark ones thoſe parts were 
before poſſeſſed with. 

272. Hence it is a neceſſary ce, 


; time, upon the 

aſt unavoidable nutation of the head, ſome 
part of the retire, which had been occupied 
by the dark and faint lucid lines without the 


to light would cauſe the light upon that part 
of the retina, to appear ſtronger than upon 
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means a part of the m which was before I ſhall ſpend no more time about it : and in- 
wi of the image of the black I ſhould hardly have been thus particu- 

del, would now be impreſſod lar about the luminous border, but that I 
light. of te white paper, and by - Ginnor help ſüſpecting, chat &en the Great 
ing undergonE4 greater degree of dark- Isaac NEWTON himſdf was once led 
neſs than the former part, it would be af- into a miſtake by a like appearance. At leat 


be fo.cafy to apply what I in ObC. 23. Part. I. of tis Ncond Ba 7 
of che luminous border, to Opticks, nor do ſee any way of accounting 
the dark border mentioned in art. 258, that for it, but from ſome ſuch confideration, 
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f 4 
. to the Articles of the Remarks, and with e Wy: * to * Ears end 
n | | 4 

| A ſhortens the earth's tare 373. a 

A — — — 

BERRATIONS 72, r. 375. to appear of a copper · co- 

12 on parallel rays, through a ſpheri- „ . 

2 ent in 
cal < a and times r. 370, 961, 
of diverging rays through any lens 638. cauſes ſtars to twinkle 7. 387. 
of hom rays through aſpherical its reflective 


power 
ſurface 229, 339, of raysthrouph effaces the fixt ſtars in the day time, &. r. 
the ſame : 1 — 2 lens 652. cauſes twilight v. 380. "oP 
of ho pr 9b» pond is ſenſible to what height 7. 381. 
different forms, compared 660 how much light it tops r. 99. 
cauſed by the different refrangibility of AuRoORa BoREALTS 
and by the ſphericalneſs of the . explained by Mr. . , 


plano-convex lens, compared 340. 

reflections B 
of parallel rays from a ſpherical ſurface 334 Bacon (Friar) 

339, and of div rays 645, 7. 545 his pretence to the invention of peace $2, 
_ refractions of hom rays, and of teleſcopes 7. 111121, 


ſame ſpherical ſurface, compared 341. Barrow (Dr.) 


dy refractions of rays at the agar eos nis improvements in opticks r. 
particle of a ſurface, compared . 694. | Bans of light diverging from 4 ſun v. 345, 
Ain - and converging to a point oppoſite to him 
the ratio of refraction through it r. 46. . 346 N 
its viſible tremors or undulations 7. 387. _ . . diverging from candles r. 46. 
its purity neceſſary when — are BLixpxes from the birth, | 
uſed 921. - 7 ideas rg the cure of it 132—135, 
APERTURES, "Ep" 160. 
a Table of them for yy" refratting BLooD, 
teleſcopes 364, r. 482—4 84. its globules wt microſcopically 1022. 
AsCENSIONAL DIFFERENCES how found by 3 its circulation in ſmall animals how obſcrved 
teleſcope 840, 974. D — __ 7” 
ATMOSPHERE Bosrtr zs of water exhibit rings of colours 200. 
its refractive power Bux GLassEs, their effects 96. 


when and by whom diſcovered r. 354—357 of ſeveral ſorts compared r. 738. 

refracts a ray in what manner 7. 358, and how brightneſs of the images in their focus r. 734. 
much at any altitude 1 by a Table T Burnixc ſpheres known to the ancients r. 91. 
368, how the table might be made r. 369 

Eun Facets pr vr erg en c a 
contracts their intervals r. 364. 

cauſes the ſun and moon to appear oval near Camera obſcura 968973. 

the horizon r. 371, and both to appear above CavsTICxs by reflected and tefracted rays 69 

it when eclipſed or diametrically oppoſite 7. 76. 8 
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perſons 6. 155. 
Cina cvr ar of the blood, how obſerved 1014. 
Cros how adjuſted by teleſcopick inſtruments 
p 836, 839, $44—851, and without them 837. 
0LOURsS, 


7 of natural bodies 


explained 182, with the 
1 their particles 198, 201. "See 


ys. 
Connys may fall down into the ſun 1049. 


may cauſe fix'd _—_ when extin&, to blaze 
out 11 
Corona's . moon 
what * large 527, how cauſed 528. 
See 8. 


mall ones otherwiſe cauſed 507 at the end. 

COTES his general dioptrick theorem r. 465. 

*his ſolution of the phænomena of an Aurora 
Borealis 1 70. 

Covcrinc perſons born blind, the ſucceſs 
conſequences of it 133. | 
Cnos8-Halrks or wires in the focus of a tele- 

Tepe, their uſes 874. 

CYLinDRICAL ſpeculums reform deformed pic- 
tures 628=644. 


1 D 
Diss trarion, 
its circle what e. 17, how meaſured e. 93, not 
uniformly luminous e. 197. * 
ISTANCES, very great muſt all appear 158, 
the greateſt that can be perceived upon an ho- 
rizontal plane 161. | 


of images of objects from the eye 395. 
Disraxc apparent 
what and how ſu 138, r.232, r. 247. 


how determined in glaſſes 139. > 
varies reciprocally as the apparent magnitude of 
a given obje& 140, r. 205. 
its variations, while the eye, object or glaſſes 
move forwards or backwards 147—151, 
_ by geometrical conſtructions r. 274 
22866, 389. 
cauſes that may ſuggeſt it fully inquired into 
r.1979—-248. 


| —2¹ 23 Set explicable by his principle 213. 
ours v. 260. | 
ene of divergen- 
Cy of rays . 214— 216, nor of apparent 
confuſion r. 218—228, nor ol faintneſs 
and brightneſs r. 230, nor by ſtraining , 


the eye r. 229. | 
when „ 
7. 246. 
not ſo well perceived by one eye as both 7. 245. 
of remote objects e | 
a groſſer air . 241. 
D1sTixcTw85: and brightneſs of objects, when 


the ame in different teleſcopes 354, 361, „. 
661, and in different copes 690. Sce 
454 k. 


ELDsxly Pzasons, why they ſee better at 
great diſtances than young ones e. 156, why 
not ſo well at ſmall diſtances e. 157. 

ELzuzurs 


924 
of both demonſtrated algebraically r. 442 
15 462, and experimentally 18, 57—68, 
Y R, 
artificial and human deſcribed by Hugenins 82. 
* explained and helped by ſpecta- 
c „r. 51. 
ſhort ſighted, i and helped by concave 
glaſſes 89, r. 13, 7.54, _ 
3 it naturally ſees moſt diſtined- 
y e. 139. 
changes [7k by culo es by ag e. 149. 
poſitions for computing any 
longing to it 369—388. 
its conformation, 
ſome properties of it r. 8---12. 
how varied according to Mr. Hagen: 85, 
Dr. Pemberton r. 14, e. 126. Mr. de la Hire 
r. 18, e. 120, Dr. Jurin e. 121, for near 
objects e. 13 1 for remote ones 6. 134. 
not always the {ame for the fame diſtance 
e. 145. 
ictures on its retina, 
ar" diſcovered by Kepler r. 25. 
their inverſion conſidered 136, 7. 26. 
not perceiv d at the inſertion ofthe nerve r.32. 
its dimenſions 86, e. 108, . 135, e. 136. 
ſpots in it, appearing like flies r. 27. 
cornea, its Opacity v. 30. 
ſtalline, its opacity r. 32. 
of fiſhes v. 66. 


p. 


Dr. Barrow's famous difficulty about it r. 209 FaLLacizs or falſe judgments in viſion 160, 


. | Fits 


N DEN 


run ef eff deen and refruion of y. 


8. 208. 
obſervations on them N 226. 
their intervals how divided e. 227. 
their effects in pictures on the retina #. "ey * 


hover much ght loſt in viſlew (by them b. 237 


Focus 
what 21, principal what 4 7, geomerrical and 
phyſical what 211, conjugure its relative 
—— 48, 65. 
— BAY 
n oſt 
on any ſurface, found by — propor- 
tions 202—213, by geometrical conſtru&i- 
ons r. 422—426, by an algebraick theorem 
. 447450, by iments 64, 68. 
on any number of ſurfaces 298. 
dn any number „ org 297. 
* . — hoe on | 
e 4 425 ſuc- 
e on — number of ſpherical ſur- 
0 Te 
2 Qed ay iculrly 
ng almo | 
through any ſurface, ſphere or lens, found by 
geometrical proportions 223==243, by 
cometrica] conſtructions . 430=433, by 
ick theorems r. 442—446, 7. 451 
892 by experiments 61—6g, we | 


* h auy number of lens 's 271, and ſpherical 

den mediums 3 373. 

rating — 40 hrough a ſphe- 
r aplane 7. 491, 7.495, t 2 

rica ſurface 412==424, r. 496 = Ds h a 


ſphere after any number of internal reflections 
426—430, through any number of ſpherical 
ſurfaces betwixt given mediums 434=443- 
of a pencil very _— reflected or refracted 
is in a manner double 7. 493. 
denſity of rays in it r. 476, r. 479. 
Mr. FOLKE S's remarks 
on — in _=_ 1 YN 
on the apparent figure of the ſky 7. 323. 
on the 32 diſtance r. 324. 
on the apparent figure of long walks and 
plough'd lands y. 326, and on its changes 
by the obſerver's motions 327. 
on Lexwenhoeck's microſcopes 1017. 


G. 
G1 for Teleſcopes 
which beſt 752. 
nay in it —_ diſcovered inding 28 poli 
w prepared for gri and ing 754- 
Tools for grinding and d pain it how made 
742751. 
the manner of grinding it 758—765. , 
the 3 of polling in i 21 766—773. 
7 ng and pohſhing it 7 
— much be ts loft in paſſing 928 
le "B25 


- the ratio refre@ion through - 
1 DE. 
. "GEORGE "GRAHAM: "aſtrotiomical 
ſector deſcribed 5 6 
Mr. HADLET" - g — ee 
is deſeription o his manner ki 
i, for — 4 —— 7 ache. 
s mechaniſim theſe teleſcopes. 
922. a 
his deſcription of his Sea-Ochant 925946, 
tryal of it 97 
Ha1xs or wires how placed, moved and” ad. 
i Jabel in the focus of x teleſcope $13——816 
aLo's © 
why oval, not circular 167, V. 3 
Propoſitions belonging * I 
= Iſaac Newton's =; on * of 
enins's 11 oo” 
(ins theo , 
Hor1zoN, its diſtance upon 1 
fect plane 161. 
why circular 162. 
its. e at Tea, den from the ſhore 7.321. 
IMaces * 
formed by rays ne 
Den 5 
from a ſpheric aufer 28, 215, are conick 
ions r. 434. 
from a cylindrical ſurface 218. , 
formed by rays SN 
through e Al 
through a herical i 355 245, are conick 
ſect ions 7. 43 437. 
through a flat glaſs 53. 


through a priſm 

through a lens or . 55. us, MEN 
ties confirmed by experiments 66, * 
in a dark room, how ſet upright 67, their 0 


brightneſs and diſtinctneſs 68, r. . 


through any number of mediums having 
cal ſurfaces 374. 


true and falſe what e. 17, 18. 
faint falſe what e. 27. 
Incipgnce, the point, angle, fine, what 4. 
InFLECTION of light he 
INSTRUMENTS t for reQifying clocks 
by equal altitudes of ſtars 843, 
JuriTER 
his Satellites 
how diſcovered by Galiles 1097. 
their periodical titnes and diſtances 1101. 
their apparent magnitude and brightneſs vary 
1114. 
ſpots upon them 1111. 
tranſits of their bodies and ſhades 8 
ters diſk 1116. iſt 


his ſpots of rwo ſorts 1203. 

his belts and ſpots, in them 1109. 
his ſpheroidal figure 1110. 

his axis how fituated 1110. 


his revolution round it in what time 1106. 
his diſtance from the ſun 1167. 

his periodical time 1156. , 

his apparent diameter 1160. 

his true diameter 1157. 


bdlem of a globe and cube ſet before pc 
ſon juſt made to ſee r; 160. 

remarks on fallacies of fight r. 312. TR 

remarks on the aſſociation of ideas 7. 171 
2 8 

diſſertation on r. 178-1 94. 


both eyes than to one alone 7. 706. 
ſolution of ſome ſurprizing phænomena in 
double viſion 709—733. 
way of meaſuring microſcopical objects 1021 
| obſervations on les of blood 1022. 
Eſſay on diſtinct and indiſtin& viſion , at the 
end of this Book. 


L. 


LANTERNS magick deſcribed 980982. 
LVL, with ſpirit of wine 829. 
its degree of exactneſs how examined 842. 
how to chuſe a tube for it 843. 


teleſcopick deſcribed 953. 
LET ns how practiſed ſeveral ways 954— 
907. © 
Lins what, of how many ſhapes, how called, 
its center and vertex what 38, its focal 
' diſtance what 47. 
Lion conſiſts of parts and particles 1. 
its velocity 1119, 1197. 
what part of it is reflected and what tranſ- 
mitted through flat glaſſes e. 224, through 
the cornea e. 234, through the cryſtalline 
humour e. 235, through the eye e. 236, 


237, 238. 
its F.C ds, See Colours. 
Liuirs of perfect viſion e. 106. 
Ling Sx mays viſible farther off than a ſpot 
fame breadth e. 161. 
lucid, irs appearances by indiſtin& viſion e. 
239=245. | 
of ſight — REPIE through a teleſcope what 
815, how rectified 817. 
Linx es two parallel appearing as one e. 88. 


Mr. — aan + _—_— of ſome te- 
W — ſee Object. mY 
Mapa ng — * ' 18484 v 
i pots and thei i > 
his lucid ſpots 1093. 70 8 may | 
vas axis <9 de 1095, +; 
probably a large atmoſphere 1 
his diſtance — ſun 1167. 25 
his periodical time 1155. 
his apparent diameter 11623. 
his true diameter 117. 
_ — what 2 2 
upon light at a diſtance 185, with power 
43 to their denſities 189. 
— 5 — e n 
m icker 187, by wrhi 
they refleR and retra&t light 188194. 
Mzxzcvuxr ſeen in the fun 1. 
his diſtance from the ſun 11 | 
his periodical time -11 56. 
his apparent diameter 1163. 
his true diameter 1157. F 
Mzx1Dian-TELESCOPE With its uſes deſcti- 
bed 826841. 
MiczoMETER what and how applyed 871. 
by Hugenius 872. 
of the beſt ſort deſcribed 877, improved 
. $78, a table of its dimenſions 879. | 
Mickoscorzs ; 


1001. 
ſingle by reflections 
from a concave ſpeculum 727, eſſayed 738, 
1027. | | 
rules for their improvement 733. 
double by refrations . 
how much they magnify 127,705, r. 153-1 58. 
how adapted to defective eyes 128. 
apparent brightneſs and diſtinctneſs 1 29, 707. 
of a ſimilar form how improved 710, 713. 
rules for farther improvements 715, 720. 
their mechaniſm, of two ſorts 1012, 1024. 
with a micrometer 1020, 
double by reflections 
deduced from a general theorem 304. 
of a new conſtruction r. 538-611, compa- 
red with the old ones r. 600, . 61 1, practi- 
cal directions for making them . 601, table 
of their dimenſions r. 567. * 
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hiſtory of the invention v. 122. 
M1cnoscoPical objects, ways of illuminating 
them 1016, r. 734. ; 
how meaſured 1021. | 
animals in ſeveral fluids deſcribed 997. 
Mr. WILL. MOLYNEUX 
his problem about diſtinguiſhing a globe from 
a cube 132, r. 160. 
Mr. SAM. MOLYNEUX VER 
his deſcription of a teleſcope that he made for 
the K. of Portugal 913—921, and of his 
method of my ſpeculums 783-786. 
2 parallactick ope deſcribed 1200. 
oo N b 
her light compared with day-light 95, r. 97. 
her rays concentered by a gs produce 
no warmth, why 96. 
ſeems larger near the horizon, why 164— 
169, the ſolution confirmed by an experi- 
ment . 302, and by the like phænomena 
in conſtellations, „ rain-bows, Ce. 
167---170 ; ſolutions of the ſame queſtion 
by others r.333, Dr. Berkley's examined 
7. 334-343. 8 5 
„ be l 
large r. 328. 


ipled, why viſible r. 372, r. 375. 
why of a copper- colour r. 378. 
full, her appearance to the naked eye e. 42. 
new, her a to the naked eye e. 53. 
her ſurface mountainous 1076. 
her mountains higher than the Earth's 1079. 
her litnb appears even, not ragged, why 1078, 
7. 195. 
1 "my cen within 's on why e. . 
maps of them 1082, no in 
— et obſerved 1087, how ſmall a ſpot 
is viſible through a given teleſcope 1084. 
has no ſcas 1077. 1857 
has no atmoſphere 1088. 
her libration 1089. 
her horizontal parallax 1168. | 
her apparent and true diameters ibid. 
ber mean diſtance from the earth 1169. 
Murat Arca at the Royal Obſervatory at 
Greenwich deſcribed 852---870. 
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van e- diviſion of the limb of » gust 
* 
O 


Oper 
what and how it radiates 20. 
or angle, the leaſt viſible e. 159. 


apparent what 139. 
its apparent magnitude, to the naked eye 


what 98, ſometimes called tue magnitude 
100, — what 104, how determined 
163, how itvarics 1 when. invariable 


107, compared with the true 108, when 
equal to it 109, leſs than the true thro a 
concave lens, greater thro? a convex 110, is 
diſtinguiſhable into two ſorts r. 301. 
its apparent diſtance what and how ſuggeſted 
138; 1,232, r. 247, how determined in 
glaſſes 139. w Diſtance. 
its apparent inverſion in glaſſes ined 103, 
with its limits while the — the ohe 
ject, or the glaſs are moving forwards or 
5 — 279, r. 282, r. 285. 1 
apparent direct motion in glaſſes r. 255, 
12 lateral ny hy 269. 1 
apparent by rays very obliquely 
— and refracted 598-627. See 
pe. N SY. 
its apparent poſition, when inclined to the 
axis of any glaſs or ſpeculum 152, when 
| to it 153. . 5 
all its — any ſingle glaſſes 101131, 
139—155, in any number of plane or Coke. 
rical ſpeculums 282—306, through any 
number of lens's 247—280, through any 
number of mediums —— plane or ſpheri- 
cal ſurfaces 307-323. 
its appearances to both eyes in large concave 
ſpeculums r. 516—533. 
when ſeen diſtinctly e. 1. | 
is ſeen diſtinctly though the rays be not exactly 
united on the retina e. 3. 
ſlender indiſtin@)y ſeen, appears double, triple, 
c. e. 198—205 , by reaſon of fits of 
eaſy reflexion and refraction of rays at the 
eye e. 208. ; 
appears always in the direction of the viſual 
rays 101, but not always in the place from 
- Whence they diverge in falling upon the 
eye r.213—216; 394, 395. | 
on igh and ſeen from on high r. 315. 
OBjEzcT-cLass, its center how found 807. 
OryaciTy of bodies cauſed by internal reflections 
of rays 197. | 


P 


PARALLAX annual of the fix'd ſtars inquired 
into 1177, found inſenſible 1199. 
horizontal of the ſun and moon 1159, 1168. 
PARALLACTICK TELESCOPES deſcribed 1200, 
bbs. - . 
PARHEL1A and PARASELENA what 533, 636. 
how cauſed 537 565, their theory reduced 
to propoſitions 579—597. _ | 
PzxC1L of rays what 20, its axis what 43. 
denſity of the rays in given ſections of it 
8, _—_ paſſing through any number of 
's 205. 


its 
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after | the eye and 

any number of mediums '382—388, 263. 

how refracted from one given focus - to ano- 

ther given focus through a given ſyſtem 
of mediums 397. | 

PxxUMBRA annular what . 20, remarks upon 

it 6. 39- 

Pease rn linear, maxims in it r. 235. 
aerial, its effects on the eye r. 239. 
draught, its effects on the eye r. 237. 

PgnrsPCETIVE GLassEs by refractions and re- 

flexions 123, 948. 
kow managed without tubes r. 225. 
Pu1L0$0PHY natural | 


the proper method of purſuin it v. 233. 
of Eir Iſaac Newton, its diftinguithing cha- 
rater 195. 
P1cTUREs on the retina 
are as the angles ſubtended by the objects at the 
e 90. 
Ec IS TY object 92. 


their brightneſs ſcarce varied by moderate di- 
ſtances of the object 93. © 

their faintneſs how cauſed 94. 

their degrees of brightneſs by day-light and 
moon-light com 95. 


of the leaſt ſenſible magnitude 97, e. 159. 
effect of their inverſion conſidered 136. 
all their 1 more accurately determined 
374388. 
formed in a dark room by a lens 968, their 
dancing motion explained 967. 
deformed on a board appear regular in a cy lin- 
drical 642. 
PLANETS are opake bodies 1050. 
their mean diſtances from the ſun 1156, 1166. 
their apparent diameters 115$—1165, 
| = true diameters — I - 1M 
appearance to 2. 57. 
appear round to the naked — horned 
or gibbous e. 60. | 
See Mercury, Venus, Mars ec. 
Pol Mos cor E invented by Hevelins 951. 
Px13M what 39, refraction of rays thro' it 40, 
672, how to place it that the refractions at 
each fide may be equal r. 391. 
Pr18MATICx colours cf the ſun's image 171. 
See Colours, Rays. 
Pvp1L, its contraction not wholly dependent on 
AW on appearance of confuſion e. 
148. 


may be conſidered as a phyſical point 90. 


Q 


QuaDRt4xmT, how to divide its limb moſt ex- 
— 855, and to ſubdivide it by Nonius'8 
I, " 


2 7 
«FF 


Ra1in-Bows; their phenomena exphined 493— 
504, and confirmed by experiments 505. 
s to determine their diameters 
and breadths 426, 488— 492. 
the inverſe problem 51m. | : 
ſlender rings of colours on the inſide of the 
primary bow explained 506, 
_ _ legs appear broader below than a- 
ve 167, 
A _ _ rae 7. 502. i 
Ray of light what and how repreſented 2. 
— reflected, refracted What 4. 
R a y 8 diverging, converging, and parallelwhat 21. 
of the ſun are differently refrangible 172, and 


ion 179. See 
Colours. * 


RTI IcAriox of teleſcopick Sights, of a 
quadrant $19, of a ſextant $23. 
REFLECTION of a ray deſcribed 3. 
its laws what 6---11, proved by an eaſy ex- 
periment 18, 19. 
of rays not cauſed by their impinging on the 
medium 183, but by an active power dif- 
fuſed over its ſurface 184. 
ſtronger and weaker how cauſed 196. 
of rays from rough unpoliſhed ſurfaces 56. 
of pencils. See Focus. 
RETAACcriox of a ray deſcribed 3. 
how c to reflection 17. 
its laws what 6-13, when and by whom diſ- 
covered r. 2—4, proved by an eaſy expe- 
riment 18, 19, ip experiments . 389. 
the given ratio of the fines in glaſs what 13, 
in water what 13, how found v. 389, . 
404, how from the given diameter of the 
rain-bow 511, tables of theſe fines referred 
to r.412. 
its phyſical cauſe ſhewn by Sir Iſaac Newtow 
188---194, not by Mr. Leibnitz, 7. 413. 
of a ray thro parallel planes r. 399. 
_—_ "oP thro the Armoſphere. See Atmo- 
phere. 
of pencils of rays. See Focus. 
RELIEvo in painting, why neceſſarily imper- 


fect r. 244. 
RE TINA, whether the principal organ of viſion 
7. 45. 
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SATELLITES, ſee Jupiter and Saturn. 
SATURN, | 
the firſt teleſcopick obſervations on him 1123. 
Hugenius's obſervations 4125. | 
his ring, ſeems to be double 1132, its di- 
menſions 1131, its inclination to the ecliptick 
1135, its outer edge why inviſible 1145, 
e. 189, its nodes 1146, which plane of it 
when, enlightened 1150, probably turns 


round an axis 1181. 
his phaſes — . 1137, and when they 


ha 1149. | 

his pl tellites when and by whom diſcovered 
1153, tables of their mean motions 11 54, 
of their periodical times and diſtances 1155. 

his periodical time about the ſun 1156. 

his diſtance from the ſun 1167. 

his apparent diameter 1160. 

his true diameter 1157, 

i 1 aſtronomical by Mr. George Graham 
885. 

Wen apt to change to the contrary ones 
e. 267. | 

SHAPE APPARENT of a objea, 
ſeen diſtorted by T how 
found in general 598, cauſes of its diſtortion 

614; whether convex or concave towards the 
an 609, when ſeen through a ſphere 627, 
ro' thick plane glaſſes r. 504,thro' uneven 
glaſs in windows r. 505, thro' water in a 
cep veſſel r. 506, thro' large and thick 
- lenſes r. 507, in elliptical, hyperbolical, pa- 
rabolical and ſpherical ſpecula r. 5og—5 15, 
with both in a ſpherical ſpeculum, 
r. 516— 536; caſes when a ſtraight object 
appears concave to both eyes and convex to 
one alone r. 530, alſo larger, remoter and 
— — to age than to one y. 532, 
which ſhew the great advantages in viewi 
a piece of perſpective in a large — 
lum r. 533. 
Caſes wherein two objects ſeen with both eyes 
appear united and of another ſhape thaa to 
one eye r. 526, r. 531. 

* 5 f teleſcopes r. 6 
his dim o 8 r. 077, 
makes them with glaſs ſpeculums r. 489. 

Suoar-sienrZDnzss, directions towards pre- 

venting it r. 59. 
comes by accidents r. 61, by cuſtom, e. 152. 
properties of it y. 62. See Eye. 

Str, its apparent figure explained and determined 
162, 163, 166, whence ſeveral phænomena 
are explained 164, 167, 169. See Moon. 

its conchoidal figure r. 323. 

$yxCTACL Ks, their antiquity r. 67---90. 

directions how to chuſe them whether convex 
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or concave v. 88. 
for a diver determined r. 64. 


SPECULUMs for teleſcopes, 


. when firſt attempted 783. 
their gages 784. | 

| — yn 785. 0 
moulds for caſting them 786. 
compoſed of What metals 787. 
_ 8 rough 788, how ſmoother 799. 
tools grinding and poliſhing them 790, 
to find their — Frames orgy | 32 
to ——— their figure 801, and correct it 


Og. | 
and bad how diſtinguiſhed 805. 
= to poliſh them 806. 1 

how to clean them when tarniſhed r. 692--- 


693. A 
large concave ones ſhew pictures to great ad- 
vantage . 533. 
SPHERICAL ſurfaces cannot reflect or refract a 
pencil of rays to a fingle point 81. r. 131. 
SQUINTING, a diſſertation upon it. 178---194. 
one probable-cauſe of it 1. 190. 
the true method of curing it 7. 192. 
. objects diſtinctly with but one eye 
r. 183. 
STARS FIXED | 
multitudes of them diſcovered by a 
1170. | | 
lucid ſpots ſeen among them 1171. 
new ones that blaze out fuddenly 1173, their 
origine 1176. - 
other new ones that appear and diſappear pe- 
wp” vg 1176, cauſe of theſe viciſſitudes 
1176. 
their annual parallax enquired into 1177, and 
found inſenſible 1199. | 
their a t parallax 1179, ſolved by Mr. 
Bradley 1188. its greateſt quantity 1195. 
a deſcription of the inftrument that diſcovered 
it 1200. 
the velocity-of their light 1196, ſome other 
ies of it 1197. 
their relative places how found by a teleſcope 
874. 
their appearances to the naked eye e. 61. 
two appearing contiguous, e. 63, 64. 
a ſmalleſt by day-light why e. 220. 
_ they twinckle e. 221. 
why they radiate e. 222. 8 hed 
Sun, his ſpots 1028, their nature and properties 
1030---1032, 1047, their apparent courſe 
at any given time 1038, how determined 
by obſervations 1040, the time of their ap- 
parent revolution 1042, their apparent and 
real magnitudes 1048. 
his axis how inclined to the ecliptick 1029, 
1034, its poſition to the fix d ſtars 1034, 
time of his revolution round it 1046. 
yelocity 
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velocity of his light 1119. 
er 


1049. 

his ws. light is compounded of all colours 
mixed in due proportions 181. 

his coloured image caſt by a priſm 171, how 
compoſed of coloured circles 174. 

his long image ſeen by reflection from a river 
e. 265. | 


the apparent div of his beams ſhooting 
through clouds r.345, and convergence v. 3 50. 

his apparent diameter 1158. 

his real diameter 1157, 

his apparent diſtance r. 324. | 

his real diſtance 1166, when beſt determined 
and to what degree of exactneſs 1058. 

| his horizontal parallax 11 59. 

his apparent ſhape, fize and brightneſs how 
varied by refractions through a ſphere 
61 5—624. 


TANGENT, of the ſum or differcnce of two an- 
les, compared with the ſam and difference of 
— tangents 508. 
of any multiple of an angle determined 509. 
TELESCOPES 
Dioptrick, 
with two convex glaſſes 120. 
with four 121. 
 Galileo's with a concave eye-glaſs 124, 


how much they __ at one — 122, 124. 5 
how adapted to different ſayts of eyeg 138. 
their magnifying powers 2 by / 


theory r. 123, and by 
r. 485. 

their lengths, aperture, and. eye- 
proportioned for ſhewing je 


of the magnifying powers 364, r. 482. 
how managed without tubes 892—91 2, r.225. 
how adapted to view various objects by night 

and by day 356—360, and to obſerve ſolar 

eclipſes and ſpots r. 128, and to meaſure ſmall 
angles 871 884, and to obſerve the tranſits 
of ſtars over the meridian 826-841, and 

the annual parallax of fix'd ſtars 1200, 

and to find the time of day by equal altitudes 

of the the ſun or ſtars 844—8 81. 
with 2, 3, 4 glaſſes, deduced from a general 

theorem 272— 279. 
hiſtory of their invention . 103—110. 
not invented by Fr iar Bacon 111—121. 
preferable to catoptrick teleſcopes in what re- 

ſpe& 892. 


dy Sir Iſaac Newton 125, why much ſhorter 
than dioptrick ones 126. 
their lengths, apertures and eye-glaſſes how 
Proportioned tor ſhewing an object equally 
bright and diſtinct 361, table of them and 


EPA?! 


bes 
equany 


bright and diſtinct 4354, table of them und“ 


of the magnifying powers 364, 7. 484. 


mechaniſm and.. managin them 
by Mr. Hadley 922, by Mr. Molynews: 913, 

27 with dioptrick ones experimentally 
7. 453. Loy? A 

By Mr. Gregorie and Mr. Caſſegrain, * 

their conſtruction and magnifying power r. 
137—148. | 

how adapted to near objects and different ſorts 
of eyes r. 142. 

how much they take in at one view r. 145. 


ſome problems relating to their conſtruction 
r,149—151. 


their conſtrution and properties otherwiſe = 


treated and more fully . 612—692. | 
proportions of the breadths of the ſpecula and of 
- hole in the larger conſidered r. 617, r. 
3 1 7 s + a 
the viſible area ſeen through two 
ſomewhat greater than through _ 7. 638. 
the angle of aberration of the emerging rays 
—— —— 
the length, angle of viſion, degrees of bright- 
zen and een _ given, to con- 
ſtruc the teleſcope r. 661, examples of 
this conſtruction Sith tables of the dimen- 
ſions and magnifying powers r. 677-692. 
compared with Sirl/ascNewtor's teleſcope 7.088. 
made with glaſs ſpeculums r. 489. 
how made with metalline ſpeculums 783—806. 
See Speculum. 
mechaniſm tor managing them 924. 
* to magnify leſs than dioptrick ones of e- 
. 2 ower 918, probably becauſe the object 
{7 ſeem nearer in the former than in the latter, 


iſtory of their invention r. 131-136. 
Binocular, dioptrick 976, catoptrick 979. 
a remarkable appearance in them 976, 
to a like appearance to the naked eye 977, 
r. 526, r. 696. 
of all kinds repreſent known objects ſcarce larger 
but nearer y 243. 
TELESCoPICK SIGHTS” how rectified 817 
$25, 866. 
controverſy about them between Hevelins and 
Hook r. 693. . 181. 
TELESCOPICK LEVEL With its uſes deſcribed 
953 967. 
Tims, See Clocks. 


TRANSPARENT BODIES, the conſtitution of 


their parts 199. 
Tw1LIGHT explained v. 380. 
TWIXKLING of ſtars r. 387, e. 221. 


U 
Venus, © | 


her phaſes 1050, viſible at noon day through a 
, oh Z 2 — 


| 


> y 8 4 oy 60 — as 
— . . > oc anon . 
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teleſcope 1053. 
her hows ebferyed by Oaſis 1059, by Blanchini 
1063. | 
her axis how fituated 1070. 
her periodical time round it 
according to Caſai 1159, 
according to Nanchini 1070, 
decided in favour of Caſſini 1074. 
her appearance in the ſun's diſk 1057, 
a returnof it in the year 1761, 1058. 
her apparent diameter 1163. 
her true diameter 1157. 
her diſtance from the ſun 1167. 


Vision 
the hiſtory of its theory and cauſes r. 23. 


cauſed by pictures of objects upon the retina 
erf, en 11 


MVSEVM 


N 


in letters of a book e, 99. 
in a lucid phyſical line upon a dark ground . 
239, e. 245. 
the common between a lucid and 
a dark ſurface e. 246, with ſolutions of 
theſe phænomena confirmed by experi- 
ments 249. 
rendred diſtint, by what natural means e. 
145, by * 117. * 
perfect, procured by a in the eye's con- 
formation to de dine e. 2 5, the 
limits of thoſe diſtances e. 106. 
with both eyes, when ſingle when double 137. 
double, a remarkable inſtance in it r. 195, in 
a ſpherical ſpeculum r. 516= 586, ſome ſur- 
izing phænomena of it r. 709. 


priz 
V1S1B1LITY of ſingle and compound objects 
different e, 170. 5 


W 


War xs, the apparent curvity of their ſides 7. 326. 

Wars. 1 13, r. an 

WrlTENEss, produced by mixing priſmatick 
colours and powders which painters uſe 181, 


Exper. x, xi. 
Winpows viewed intently continue to appear 


after the eyes are ſhut e, 262. 


ERRATA 


ER RAT A in the four Books. 


rticle 
48. INE 2, read focus F in convex glaſſes 
„ but towards it in concaves, the ec. 
I. 9, r. conjugate or correſponding, 
54. in the margin at c, r. Art. 52. 
66. 1. 3 from the end, 1. deſcription. 
81. 1. 4 from the end, r. make. 
95. l. 13 from the end, dele perhaps and 
r. ſome hundreds of miles, by Remark 
84. 
132. at the bottom of the page, r. Loches Eſ- 
y B. 2. c. 9. | 
135. |. 3 from the end, r. ſignified. 
138. 1. 24, r. ſenſible of the diſtance when &. 
I. 5 from the end, r. between t he pu- 


142. 1.8 from the end, dele Fig. 207 in the 
margin. 

144- 1. 4, for Ow r. Oz. I. z fiom the end, 
r. icular from A upon. 

156. J. 3 from the end, dele in going. 

6 l. 10 from the bottom of page 61, r. 
than we ſhould do if it were ſmaller. 
L i of pag. 62, dele becauſe——com- 
pariſon to it. 

182. |. 7 from the bottom of page 84, r. re- 
ſplendent. ä 

188. |. 5, for reflected r. refracted. 

200. in the margin, write Fig. 292, 293. 

215. l. 7, r. the focus 4. | 

236. 1.6, r. Ef equal to EF in the lens or 
ſphere, but equal to CF in the ſingle 
ſurface, 0: line 11, r. ſemi» 


diameters and Ef. 

272. 1. 3 from the end, r. remains on 
Ow. 

276. 1. 4 from the end, for DC- d, — d read 
D Cd, c; 


279. 1. 16 from the end, in the denominator 
of the fraction, read 1 + 2 + Ge. 


a 

348. |. 1, dele and double microſcopes. 

304. in the fourth column of the Table, for 199 
and 398, r. 200 and 400. 


380. l. 4, read N. I. 5. read X x. 
ie the bottom of the page, read 
4 b 


399. |. 10, r. focus's I, K. 

422. |. 2, read ABE. 

432. |. 2, read SM, line 3, read SN. 

465. J. 1 and 3, read 6H, bH, bH. 

485. I. 2, r. refracted ray. 

496. in the margin, add Fig. 471. 

498. in the margin, for Art. 179 read Newton's 
Opticks p. 114. 8, 


Article 2 * 

516. line 6, read 446 FX, and |. 12, read 18, 

540. |. 23, r. never ſo little. 

547. J. 4 from the cad, read G AN. 

551. in 8 b, dele ſee the Remarks on 
chap, 10. 

552. laſt line, r. EF, HK. 

565. |. 5, r. paraſclene. -, 

578. at the end, add ſo far Hugenius. 

579. I. 10, read in g. 

585. J. 7, r. cuts GQ. 

589. 1.9, read CK, CB, BL. 

618. laſt line, in the margin, r. Art. 437. 

626. 1.8, in the margin at ®, dele 602. 

645. l. 10, in the denominator of the laſt 
fraction, r. Q- 48. | 

656. J. 3, read 7pp + 4rp>+ 7rr, |. 5, 
r. -A rp +777. 

695. 1. i — = end, dele as in fact we 
find it. 

701. |. 4, read IK Ri. 

715. J. 10, read bo: bp. 

785. ze note l. 4, r. Art. 798. 

809. J. 7, r. any point Q. 

824. |. 1, r. with a pair. 

825. laſt line, add, fo far Mr. Molyneux. 

829. 1.4 from the end, r. axis cd. 

840. |. 7, r. expeditious; |. 11, r. elevation. 


$50. in the margin, write Fig. 590. 


85 2. dele the laſt fix lines. How far, &c. 


860. |. 5, for axis r. bar; |. 7, for this axis 


r. an axis. 
877. 1.21, for ih r. ik. 
892. 1. 4 from the end, dele ſame. 
911. * for the year 1713, and diele 
t &c. 
915. |. 4 r. as the like error, See Remark 


921. laſt ins, add, ſo far Mr. M, . 

945 laſt line, add, ſo far Mr. . 

909. l. 4 from the end, r. been giving. 

973. I. 15, r. the fide next to. 

976. |. 2, r. rings or holes. 

977. I. 4, r. outwards, horizontal and; I. 10 
and 15, r. apparent points; |. 25, 
r. each other, upright and. | 

983. J. 13, dele (as you ſee in the 641ft Figure) 
and dele Fig. 641 in the margin. 

1021. l. 4 from end, dele he places the 
object and by the eye. 


1022. |. 2, for would generally cover, r. were | 


nearly equal to. 
1077. |. 3, dele from thoſe —— by Galileo. 
1090, 1. 3, f. acronychal 


1101, r. diſtances of the Satellites 5. 965, 


9. 494» 


— mon wer nap + 


£% 
18 


> ). 494, is. 141, nt 12 ory I. 2, 15 "Ip 


3 


Princip. pag, 9, | . 1 8 ſometimes fall 
1110. fe « {pl = k EL Tas 1 2 3 2 >. here. 
1133. t one, r 1200. om 3 A u 2 
* n 2 | board El. 3 
2 * © SON 
ERRATA i the REMARKS. 
Remark. Remark. 
3. IN E 5, for he, read the. 152. L A front the end, r. Tes. 
4. 16, r. Art. 145, 146 and 156. I. 10, dele in. 
Rem. 506. 191. |. 2, r. confirmed. 
8. 1.6, r. that nearly as great. 209. in the margin, dele ſolved. 
e 226. laſt line but one, for decreaſes r. in- 
12. 1 r. as muſt be made in perfect eyes creaſes. 
: in order to ſee. | 229. |. 3 and 4 from the end, dele rather. 
29. I. 13, r. from that of the humour. 268. laſt line but one, r. appears always 
86548 en e I. 5, 291. l. 8 from the end, r. equal to o C. 
dele very. 295. haſt line, add, ſee Rem. 516. 
40. I. 9, r. ſimilar to. 297. I. 44, r. PE, RE. 
45. J. from the end, r. expoſed naked to 298. laſt line, r. EP, ER. 


84. daft line, , ee Rem. 516. 


go. J. 5, r. can hardly be cauſed. 306. haſt line, add, ſee Rem. 5 32. 
55. J. 1, r. EQ, 310. laſt line, r. Art. 614. 
79- 1.6, r. Anno 1363. 3323. |. 7, r. black line. 
I. 3, r. 145 C . 6 346. I. 4, for it r. this 
82. l. 7 from the end, r. diaphanous. 370. at* in | the margin, r. Art. 967. 
101. dele the laſt line. 397. |. 3 from the end, r. 53, 35 
108. l. 8 from the end, r. teleſcope does. 417. I. 4, r. as n tom. 
138. 1. 5 from the end, r. ql. 420. |. 22 from the end, r. all times of the 
141. laſt — add, after s and reflecti- day. 


465. |. 5, r. age of 34. 
n ſce the Tables in Art. 364, 07. |. 5, for convex r. concave. _ 
Rem. 482, 684. 10. I. 5, for 11, r. 1, 1. 


E RR AT A in the ESSAY. 


AGE 116. col. 2. line 37, r. t. p. 135. col. 1. line 30, r. makes. 
P rr 


ER RAT A in the Figures of the four BOOKS. 


Plate Plate 
13. IG. 176, C wanting where E O cuts fig. 642, the flames of 4 candles, called II in 
„F the circle. 1 35 1 85, are wanting in the focus of 
38. 8 — the end of the line the ſpeculum 88. 
59. fig. 649, between 6 and c write 1, 2, 3, 
* * iy 60. for vexter, r. vertex. overagainſt the prick'd arches. 
4, Band y wanting at the ſlit above 60. 61, 62, 63, read pag. 409, 425, 433, 456, 
* center of the plate E F. reſpectively. 


ER RAT A in the Figures of the REMARKS. 


Plate Plate 

"2% IG. 54, put in as in fig. 56, 57. fig. 105, place r as in fig. 106. 

8 by yy O and biſe& CE in T. be 115, put L at the top of the line MF 
B, ug. 103, 


K write . produced. 


ADVERTISEMENTS. 


HA AvD PEUNMATICAL LECTURES, by Roger Cotes, M. A. 
late Profeſſor r and Experimental Philoſpphy at C 

Publiſhed with N — 

chanicks to his MAJESTY "London, Printed for the Editor, and ſold by 

S. Auſten, at the Angel and Bible in St. Paul's Cburcb. yard; Rob. Dodſley, a 

Tullys Head in Pall-Mall, and the enen at Cambridge, 1738. Price 

bound 5 5. 


Where alſo may be had, 


HA, MaenSURARUM, five Analyſis & 2 5 Rationum & 
Angulorum Menſuras 8 accedunt alia Opuſcula Mathematica per 
Rogerum Coteſium: Edidit & Auxit Robertus Smith Collegii S. Trinitatis apud 


Cantabrigienſes & Societatis Regie Socius, Aſtronomiæ & Experimentalis Philo- 


ſophiæ poſt Cote/ium Profeſſor, Cantabrigia M Dc xxII. Mario. 


FR)... 


u Smith, LL. TMafter of Me. | 


7 


— 


woes ies 45% w 


2 THE 


i. defred to corredt che Paging of the 4 laſt Plates of the firſt Set, thus; 


i -* 


. . py 5 
= 


* | p 


